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OPA  IS  DYING- 

. . .  what  next? 


chase  right  after  price  increases  and  thus  keep 
“the  inflationary  spiral”  spinning  toward  a 
ghastly  fall.  Unions  already  agitate  for  a  new 
round  of  wage  increases  to  offset  price  increases 
which  have  occurred  in  the  few  months  since  the 
last  roimd  of  wage  increases. 

Therefore,  the  prudent  course  would  have  been 
to  clean  up  the  OPA  price  control  system,  to  keep 
it  in  place  for  a  limited  period  as  a  stop-gap,  and, 
meanwhile,  to  arrange  to  replace  it  with  more 
fundament^  controls,  PROVIDED  the  federal 
government  itself  stopped  promoting  excessive 
wage  increases.  The  greatest  single  contribution 
to  the  wrecking  of  the  OPA  has  been  the  holes 
driven  in  price  ceilings  by  government-promoted 
wage  increases. 

But  now  the  stop-gap  is  being  eliminated,  and 
the  fundamental  controls  are  not  in  place.  Their 
erection  becomes  urgent. 


IT  IS  NOW  clear  that  direct  price  control  of 
the  OPA  type  is  on  the  way  out,  if  not  by 
legislative  limitation  then  by  administrative 
collapse. 

It  is  equally  clear  that  we  are  by  no  means  past 
the  danger  of  a  swirling  upsurge  of  prices. 

Then  does  it  follow  that  the  passing  of  OPA 
need  be  tantamount  to  a  decision  to  let  ’em  rip? 
It  does  not. 

While  the  OPA  machinery  is  grinding  to  a  stop, 
we  can  bring  into  play  more  fundamental  meas¬ 
ures  to  keep  prices  within  safe  limits— and  to  al¬ 
low  private  management  a  wider  area  of  freedom. 
What  this  article  proposes  is  a  framework  of  con¬ 
trol  within  which  private  business  judgment  can 
operate.  Therefore,  this  preamble  speaks  directly 
to  our  friends  in  the  business  community. 

Now  is  a  time  for  unrelenting  self-restraint  by 
business  management.  As  price  control  disinte¬ 
grates,  business  must  scrupulously  hold  to  prices 
which,  after  covering  costs,  yield  normal  profit 
margins.  Business  has  everything  to  lose  and 
nothing  to  gain  if  its  price  policies  emulate  the 
excessive  wage  demands  made  by  some  unions. 

True  leaders  of  business  sense  the  danger.  They 
do  not  want  to  price  themselves  out  of  their 
markets.  They  do  not  want  the  tag  of  price  hogs. 
They  do  not  want  a  buyers’  strike.  All  manage¬ 
ment  must  practice  the  self-restraint  which  char¬ 
acterizes  the  wisest  leaders  among  us. 

What  Wasn’t  Done 

Virtually  all  responsible  economic  analysts 
agree  that  if  direct  price  control  is  eliminated  and 
nothing  else  is  done,  prices  will  move  upward. 
The  only  serious  disagreements  are:  How  far? 
And  for  hew  long? 

Some  careful  and  competent  forecasters  be¬ 
lieve  that,  if  all  price  control  is  lifted,  the  official 
cost  of  living  index  will  shoot  up  at  least  25  per 
cent  within  a  year.  Some  of  them  think  that  wage 
rates  will  chase  right  after  prices,  forcing  new 
price  increases  until  the  whole  operation  ends  in 
a  dizzy  crash. 

Others  agree  that  prices  will  go  up  all  right, 
but  they  think  that  increased  production,  made 
possible  by  disentanglement  from  OPA  red  tape, 
will  bring  them  down  again  fairly  soon. 

Recent  developments  seem  to  support  those 
forecasters  who  think  that  wage  increases  would 


The  Basic  Task  Now 

The  danger  that  prices  and  wages  will  get  to 
chasing  each  other  around  a  ruinous  spiral  arises, 
of  course,  from  the  accumulation  during  the  war 
of  an  enormous  sum  of  money  that  could  not  be 
spent  because  about  40  per  cent  of  the  nation’s 
production  was  being  devoted  to  war.  Men  were 
paid  wages  and  profits  for  making  artillery  shells. 
The  shells  were  exploded.  The  money  remains.  It 
has  piled  up  until  the  people’s  backlog  of  cash 
spending  power,  in  one  form  or  another,  exceeds 
$225  billions— three  times  the  total  in  1939. 

More  than  that,  banks  hold  $115  billions  of  gov¬ 
ernment  securities— a  sixfold  increase  since  1939. 
These  securities  can  serve  as  the  basis  for  an  ex¬ 
pansion  of  bank  credit  of  many  times  their  vol¬ 
ume.  A  dollar  of  bank  credit  will,  of  course,  buy 
as  much  as  a  dollar  of  cash. 

The  first  and  basic  task  of  preventing  runaway 
prices  is :  Get  this  huge  accumulation  of  purchas¬ 
ing  power,  actual  and  potential,  under  some  kind 
of  effective  control. 

A  second  task  is  to  see  that  no  unnecessary  ad¬ 
ditions  are  made  to  the  flood  of  purchasing  power 
overhanging  the  market.  A  third  task  is  to  get  the 
productive  machinery  of  the  country  running  at 
top  speed  so  that  it  can  take  up  the  accumulation 
in  an  orderly  way,  not  in  a  boom-bust  sequence. 
We  shall  talk  here  only  about  the  first  two  of  these 
tasks. 
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Are  there  ways  of  getting  at  the  root  cause  of 
a  disastrous  wage-price  spiral  which  are  being 
neglected?  There  are  many  of  them.  Attention 
has  been  distracted  from  them  by  building  up  the 
battle  over  OPA  as  the  Armageddon  of  price 
stabilization.  It  is  important.  But  it  is  not  Arma¬ 
geddon.  If  everything  that  Mr.  Bowles  and  his 
associates  want  done  by  way  of  price  control  leg¬ 
islation  were  done,  the  problem  of  price  stabiliza¬ 
tion  would  still  remain  unsolved  in  the  continued 
absence  of  a  program  to  deal  efiEectively  with 
root  causes. 

Basic  Remedies 

Here  is  a  rough  outline  of  the  key  elements  of 
a  basic  program. 

1.  Cut  public  expenditures  to  the  bone  and 
let  tax  revenues  accumulate  as  business  vol¬ 
ume  increases— perhaps  broadening  the  tax 
base  at  the  same  time. 

Now,  if  ever,  is  the  time  to  run  a  surplus  and  to 
use  it  to  retire  debt.  Immediate  upward  pressure 
on  prices  would  thus  be  removed  and  the  burden 
of  carrying  debt  when  the  going  gets  tougher  later 
on  would  be  relieved.  A  $10  billion  surplus  of  fed¬ 
eral,  state  and  local  revenues  during  the  next  year 
might  not  be  too  much. 

An  increase  in  social  security  taxes,  as  the 
House  Ways  and  Means  Committee  proposes,  of¬ 
fers  one  of  a  number  of  good  ways  to  increase 
revenues.  Deferring  public  works  not  immedi¬ 
ately  needed  afford  one  of  numerous  ways  by 
which  substantial  cuts  in  expenditures  can  be 
made. 

2.  Tighten  the  terms  on  which  installment 
credit  is  available  for  the  purchase  of  houses, 
automobiles,  and  other  consumers’  goods. 
Allowed  to  run  a  |ree  course,  expansion  of 

credit  to  buy  houses  and  durable  consumers’ 
goods  might  easily  add  $15  billion  to  consumer 
purchasing  power  next  year.  No  such  injection  of 
credit  is  needed  now.  The  more  a  man  buys  “on 
time”  the  more  cash  he  keeps  to  spend  on  some¬ 
thing  else.  For  most  products  the  cash  market 
alone  is  more  than  big  enough  to  keep  producers 
busy  and  customers  healthy. 

3.  Restore  to  the  Federal  Reserve  system 
its  lost  control  over  the  supply  of  credit  by 
limiting  the  opportunities  for  credit  expan¬ 
sion  now  afforded  by  huge  bank  holdings  of 
government  securities. 

The  specific  measures  needed  are  highly  tech¬ 
nical,  but  are  agreed  upon  by  banking  experts  as 
both  feasible  and  fair.  The  important  tiling  for  the 
public  at  large  to  do  is  to  recognize  that  we  are, 
in  effect,  sitting  on  a  powder  keg  with  lighted 
match  in  hand  imtil  the  measures  are  taken. 

4.  Revive  a  vigorous  campaign  to  sell  gov¬ 
ernment  savings  bonds  and  other  govern¬ 
ment  securities  to  the  public. 


Sale  of  government  savings  bonds  cuts  down 
current  consumer  spending.  It  also  allows  the 
Treasury,  if  government  spending  is  held  down, 
to  retire  government  bonds  which  the  banks  hold. 
Thus,  it  simplifies  the  problem  of  keeping  bank 
credit  within  safe  bounds. 

5.  Prevent  a  speculative  inventory  boom 
of  the  sort  which  preceded  the  post-World 
War  I  business  collapse  in  1920-21. 

This  involves  a  continuation  of  the  loose  con¬ 
trols  of  inventories  now  exercised  by  the  govern¬ 
ment.  In  more  important  degree  it  involves  well 
informed  cooperation  by  bankers  and  business 
men  to  keep  inventories  from  being  expanded 
unnecessarily. 

6.  Maintain  controls  on  exports  in  order 
to  keep  within  reasonable  limits  the  impact 
on  our  market  of  huge  foreign  demand 
Emergency  foreign  relief  requirements  must 

»  be  met.  But  foreign  demand  which  is  enormous 
apart  from  relief  requirements  must  be  kept 
under  control  until  the  danger  of  having  it  send 
prices  of  export  products  soaring  is  past. 

Breathing  Space  for  Business 

This  program  would  deal  with  causes,  not 
symptoms.  Hence,  if  promptly  and  efficiently  in¬ 
stalled,  it  would  do  a  far  better  job  of  keeping  the 
general  level  of  prices  and  wages  within  tolerable 
limits  than  the  OPA  type  of  price  control  ever 
could  have  done— even  if  OPA  had  not  been  so 
often  and  so  badly  mismanaged.  The  program 
would  also  do  this  without  tying  up  American 
business  in  a  myriad  of  irritating  and  discourag¬ 
ing  individual  regulations.  It  would  establish 
broad  bounds  within  which  business  enterprise 
would  be  free  to  be  itself,  not  a  branch  of  bureau¬ 
cratic  enterprise. 

The  program  proposed  here  also  has  the  major 
virtue  of  flexibility.  If  prices  start  to  reverse  their 
present  upward  course  within  another  year,  the 
major  parts  of  the  program  can  be  adjusted  or 
removed  quickly. 

It  would  be  gratifying  to  suggest  junking  at 
once  all  arrangements  designed  to  place  limits  on 
price  movements,  even  broad  limits  of  the  sort 
here  suggested.  But  to  do  nothing  while  OPA  falls 
apart,  would  be  to  nm  the  grave  risk  of  a  runaway 
of  prices  and  wages  which,  in  the  inevitable  col¬ 
lapse,  would  do  irretrievable  damage  to  the  busi¬ 
ness  community  and  to  the  whole  nation. 

The  risk  is  not  worth  taking. 


President,  McGraw-Hill  Publishing  Company,  Inc, 
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HIGH  POWER 
LOW  PLATE  VOLTAGE 


The  famous  Eimac  75T  is  now  available  in  both  high  and 
low  amplification  factor  types  (75TH-75TL).  These  excep¬ 
tionally  flexible  triodes  provide  a  high  power  output  at  low 
plate  voltage,  and  require  a  minimum  of  driving  powder. 
These  Eimac  75T’s  are  suitable  for  use  as  oscillators,  ampli¬ 
fiers,  or  modulators.  For  example:  a  pair  of  75TL’s  in  a  class-C 
amplifier  can  easily  be  operated  at  500  watts  input  with  only 
1500  volts  on  the  plate.  The  required  grid  driving  power 
for  the  two  tubes  would  be  only  12  watts.  In  a  class-B  modu¬ 
lator,  two  75TL’s  operated  within  1500  plate  volts  will  de¬ 
liver  280  watts  of  audio  power,  sufficient  to  more  than  100% 
modulate  the  above  mentioned  RF  amplifier. 

The  Eimac  152T  has  twice  the  power  handling  capacity 
and  twice  the  transconductance  of  the  7  5T,  but  less  than  twice 
the  already  low  grid-plate  capacity.  At  1500  plate  volts,  500 
watts  input  can  be  run  to  a  single  152TL,  or  a  full  kilowatt 
can  be  run  to  a  pair  of  152TL’s  in  a  class-C  amplifier.  For 
class-B  audio,  a  pair  of  152TL’s  will  deliver  560  watts  with 
1500  plate  volts.  Eimac  152T’s  are  also  available  in  high  and 
low  amplification  factor  versions.  Literature  giving  full 
technical  information  on  these  triodes  available  now.  Write 
today,  or  contact  your  nearest  Eimac  representative. 


THE  COUNTERSIGN  OF 


DEPENDABILITY  IN  ANY 


ELECTRONIC  EQUIPMENT 


EIMAC  75T 
POWER  TRIODE 


Follow  the  leaders  to 


EITEl-McCULLOUGH,  INC.,  124SE  San  Mateo  Ave.,  Soa  Bnrno,  ColH. 

PI«Rt  UmImI  at  San  Inma,  CalHoniia 

lipart  Agantti  Praiar  oaO  Hoataa.  Ml  day  Straat,  Saa  Fraadtcall,  CaHfaraia,  U.S.A. 


EIMAC  152T 
POWER  TRIODE 


CALL  IN  AN  EIMAC  REPRESENTATIVE  FOR  INFORMATION 


M.  B.  PATTERSON  (W5CI)  PaiUrson  & 
Company,  1124  Irwin  Kooslor  Bldg., 
Dallot  1,T«xas.  Phone:  Central  5764. 


ADOLPH  SCHWARTZ  (W2CN),  220 
Broodway,  Room  2210,  New  York  7, 
New  York.  Phone:  Cowrilond  7-0011. 


JAMES  MILLAR  ASSOCIATES,  J.  E. 
Joyner,  Jr.  (W4TO)  1000  Peachtree  St., 
N.  E.,  Atlanta,  Georgia. 


ROYAL  J.  HIOGINS  (W9AIO),  600  S. 
Michigan  Ave.,  Room  818,  Chicago  5, 
Illinois.  Phone:  Horrison  5948. 


HERB.  B.  BECKER  (W6QD),  1406  So. 
Grand  Ave., Los  Angeles  15. California. 
Phone:  Richmond  6191. 


VERNER  O.  JENSEN,  Verner  O.  Jensen 
Company,  2616  Second  Ave.,  Seattle  1, 
Washington.  Phone:  Elliott  6871 


RONALD  C.  BOWEN.  1886  So  Hum. 
boldt  St.,  Denver  10,  Colorado.  Phone: 
Spruce  9468. 


TIM  COAKLEY  (W1KKP),  11  Beacon 
St.,  8oston  8,  Massachusetts.  Phone: 
Capitol  0050. 


Moisture-Proof 
and  That’s  Not  All! 


>rw  rnd  cap  is  made  of 
plastic. 

Two  braclicis  accommodate 
all  four  case  sices  of  Mallor> 
AC  Motor  Starting  Capacitors. 

Bracket  is  installed  by  screws 
placed  at  any  two  points 
witbin  center  slot. 


'EW  Mallory  products 


m  recent  times  have  met  with  more 
J.’  whole-hearted  enthusiasm  than  the  Type  AC  Motor 

Starting  Capacitor. 

To  begin  with,  the  capacitor  is  enclosed  in  a  plastic  case — a  positive 
preventive  of  moisture  absorption,  the  bane  of  the  old-style  card¬ 
board  insulated  unit. 

Next,  it’s  equipped  with  splash-proof  end  cap  and  with  an  ingenious 
new  type  of  mounting  bracket.  Together,  these  two  features  elimi¬ 
nate  many  extra  parts  and  greatly  simplify  installation. 

Finally,  this  Mallory  Type  "T”  Capacitor  is  available  in  four 
case  sizes  ...  is  interchangeable  with  former  aluminum  units  .  .  . 
will  fit  any  mounting  hardware  used  for  previous  capacitors  of 
comparable  size. 


Want  more  detail*?  Write  for 
engineering  data  and  apecificatioa 
folder  f746-G. 


ELECTRONICS 


►  WRECK  .  .  .  Another  disastrous  train  wreck  brings 
home  the  fact  that  our  railroads  are  operating  on  90 
mile  per  hour  schedules  with  40  mile  per  hour  com¬ 
munications. 

During  the  w’ar  the  Congressional  Limited  between 
Washington  and  New  York  was  wrecked  Vjecause  a 
station  agent  could  not  tell  the  engineer  that  he  had  a 
dangerous  hot  box  on  one  of  the  flyer’s  cars.  Communi¬ 
cation  between  station  and  train  could  have  averted 
loss  of  life  and  equipment.  In  the  newest  smashup 
one  train  stopped  to  investigate  possible  trouble  and 
was  rammed  because  another  speedster  following 
closely  behind  could  not  stop  soon  enough.  Here,  again, 
communication  could  have  avoided  the  inevitable 
crash. 

Radio  has  demonstrated  that  it  can  furnish  success¬ 
ful  train-to-station  and  train-to-train  communications. 
There  seems  to  be  no  logical  reason  why  rolling  stock, 
passengers,  cargo  and  train  crews  should  not  have  the 
benefit  of  the  protection  that  radio  now  has  to  offer. 

►  INFORMATION  PLEASE  .  .  .  Anyone  who  cares 
to  answer  these  questions  for  possible  publication  has 
the  floor.  A  young  engineer  posed  them  to  the  editorial 
staff  of  Electronics  recently  and,  like  all  engineers, 
he  thought  that  there  should  be  yes-or-no  answers. 

1.  Should  an  engineer  work  more  than  40  hours  per 
week  ? 

2.  Should  he  take  an  interest  in  and  express  his  opin¬ 
ions  of  the  management  and  sales  policies  of  the  com¬ 
pany  he  works  for? 

3.  Would  he  be  “stuck”  if  he  went  to  work  for  a  com¬ 
pany  in  a  small  town? 

4.  Are  present  salaries  inflated? 

Possible  answers  are  as  follows: 

1.  If  an  engineer  really  works  for  40  hours  a  week, 
he  will  not  be  much  good  for  anything  but  shooting 
snipe  the  rest  of  the  week.  Under  the  word  “working” 


is  included  the  necessary  study  to  keep  up  with  his 
profession,  not  only  to  solve  the  particular  problem  of 
the  moment  but  to  have  a  smattering  of  the  vast  and 
constantly  increasing  techniques  allied  with  electron¬ 
ics.  If  his  management  frowns  on  reading  technical 
books  or  magazines  on  the  company’s  time  he  has  to 
do  his  reading  at  home— but  this  reading  must  be  done 
or  he  will  pay  the  penalty  of  having  younger  and  bet¬ 
ter  educated  men  push  him  out  of  his  job. 

2.  He  should  certainly  have  an  interest  in  such 
matters  but  he  must  remember  that  radio  engineers 
have  not  risen  much  higher  in  some  management’s 
opinions  than  such  items  as  typewriters  and  comptom¬ 
eters.  Therefore  he  should  go  slow  in  expressing  his 
opinions.  He  should  probably  wait  for  an  invitation, 
which  probably  will  never  come. 

3.  There  is  an  undeniable  feeling  that  work  in  a 
small  city  gives  one  the  feeling  of  being  out  of  touch ; 
but  it  is  also  a  fact  that  a  lively  discussion  group  of 
fellow  engineers,  endeavoring  collectively  to  under¬ 
stand  the  current  technical  literature,  can  be  much 
more  effective  than  mere  listening  to  formal  papers 
delivered  before  technical  societies.  In  other  words, 
an  engineer  can  keep  up  to  date  no  matter  where  he  is. 

4.  Engineers  are  subject  to  ihe  laws  of  supply  and 
demand.  There  are  no  protections  to  salaries  as  there 
are  to  wages.  Right  now  there  is  a  dearth  of  good  en¬ 
gineers  and  salaries  are  high.  No  engineers  were  made 
during  the  war;  many  good  engineers  were  lost;  it  will 
take  the  colleges  quite  some  time  to  fill  the  void  oc¬ 
casioned  by  our  wartime  policies  of  drafting  technical 
men.  Furthermore  everything  is  inflated  now;  and 
there  is  also  a  better  appreciation  of  the  value  of 
engineers  and  scientists  among  companies  which  em¬ 
ploy  them.  In  industries  associated  with  electronics, 
management  is  becoming  conscious  of  the  fact  that 
the  entire  structure  is  built  upon  technical  knowledge. 

But  to  continue  to  draw  high  salaries,  the  engineer 
must  be  good  I 


Final  model  of  the  wave  generator,  alarm  system,  and  scope  built  as  a  tingle  unit, 
ready  for  connecting  to  the  output  of  any  panoramic  receiver.  By  adjusting  the 
40  control  knobs  while  watching  the  resultant  pattern  on  the  cathode-rcry  tube 
screen,  the  output  of  the  complex  wave  generator  con  be  shaped  to  cancel  exactly 
any  pattern  appearing  on  the  screen 


WHEN  a  band  of  frequencies  in 
the  radio  spectrum  is  to  be 
monitored  with  a  panoramic  re¬ 
ceiver,  it  is  often  desirable  to  cancel 
some  or  all  of  the  signal  pips  appear¬ 
ing  on  the  cathode-ray  tube  screen 
after  they  have  been  recognized, 
reducing  the  trace  on  the  screen  to  a 
horizontal  line  so  that  arrival  of  a 
new  signal  or  a  shift  in  the  carrier 
frequency  of  one  of  the  original 
signals  will  be  instantly  noted,  A 
further  goal  is  means  for  setting  off 
an  alarm  automatically  when  a 
frequency  shift  occurs  or  a  new  fre¬ 
quency  arrives,  to  arouse  the  oper¬ 
ator  or  call  him  from  other  duties. 

Such  requirements  exist  in  com¬ 
mercial  radio  communications  sta¬ 
tions,  where  one  operator  may  have 
to  watch  several  panoramic  receivers 
and  be  ready  to  open  communication 
with  any  of  dozens  of  different  sta¬ 
tions  that  may  call  on  as  manv 


different  frequencies.  Similar  re¬ 
quirements  exist  in  both  military 
and  commercial  radar  and  sonar 
applications,  where  it  is  often  desir¬ 
able  to  cancel  on  the  scope  a  known 
signal  pattern  and  the  fixed  refiec- 
tions  occurring  therefrom  so  that 
significant  patterns  due  to  target  ob¬ 
jects  can  be  more  readily  observed. 

All  these  requirements  are  met  in 
the  complex-wave  generator  and 
electronic  alarm  to  be  described.  The 
radar,  sonar,  or  panoramic  receiver 
output  is  mixed  with  the  output  of 
the  complex-wave  generator  and  the 
resultant  voltage  fed  to  the  defiection 
plates  of  a  cathode-ray  tube  for 
visual  observation  of  the  cancelling 
process,  as  indicated  by  the  block 
diagram  in  Fig.  1.  The  40  individual 
controls  of  the  wave  generator  are 
adjusted  in  sequence  to  make  the 
pattern  on  the  c-r  tube  screen  drop 
down  to  zero  step  by  step,  as  pulses 
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Signal  pip8  on  a  pauorami(f 
by  a  40-control  complex  wavi 
new  signal  or  a  shift  in  the  fr«‘| 
signals  triggers  a  thyratroi| 


of  opposite  polarity  are  introduced 
to  cancel  each  portion  of  the  original 
observed  pattern.  The  resultant 
trace  is  for  all  practical  purposes  a 
horizontal  line,  so  that  new  signals 
or  frequency  shifts  produce  instantly 
recognizable  deviations.  The  alarm 
indication  is  obtained  by  connecting 
the  grid  of  a  thyratron  to  each  ver¬ 
tical  defiecting  plate  of  the  c-r  tube, 
so  that  a  new  or  altered  signal  on 
either  plate  triggers  a  thyratron  and 
operates  a  relay  in  its  cathode  circuit. 

Method  of  Wave  Syethetis  Employed 

In  order  for  a  scope  pattern  to  be 
cancelled,  its  corresponding  voltage 
(acting  on  the  vertical  deflecting 
plates)  must  first  be  duplicated  or 
synthesized  by  a  local  generator. 
The  locally-generated  voltage  can 
then  be  inverted  in  polarity  and  com¬ 
bined  with  the  original  voltage  in  a 
linear  mixer  whose  output  is  propor¬ 
tional  to  the  difference  between  the 
two. 

The  voltage  that  produces  a  pat¬ 
tern  on  a  scope  can  be  considered  as 
a  repetitive  complex  wave  because  it 
repeats  its  wave  form  at  a  rate  equal 
to  the  horizontal  sweep  rate.  Such  a 
complex  wave,  no  matter  what  its 
shape,  can  be  approximately  dupli¬ 
cated  with  a  large  number  of  rec¬ 
tangular  pulses  whose  individual 
amplitudes  can  be  controlled.  The 
more  pulses  employed,  the  closer  be¬ 
comes  the  approximation  to  the 
original  wave. 

Using  a  Fourier  schedule  as  a 
guide,  it  was  decided  to  utilize  40 
rectangular  pulses  in  the  complex 
wave  generator,  making  the  width 
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SYSTEM 

foi  Panoramic  Receivers 


receiver  screen  are  cancelled 
generator,  so  that  arrival  of  a 
quency  of  one  of  the  known 
circuit  that  operates  an  alarm 


of  each  equal  to  one-fortieth  the  total 
width  of  the  pattern  on  the  scope. 
This  relatively  small  number  of 
pulses  leaves  an  appreciable  trian¬ 
gular  residual  wherever  the  pattern 
slopes  steeply,  but  these  irregular¬ 
ities  can  be  smoothed  to  some  extent 
by  shunting  the  synthesized  elec¬ 
trical  wave  with  an  appropriate 
capacitance. 

An  example  of  how  the  system 
works  in  the  case  of  a  panoramic  re¬ 
ceiver  pattern  is  shown  in  Fig.  2. 
The  original  pattern  that  appears  on 
the  panoramic  receiver  screen  and 
initially  also  on  the  c-r  tube  screen 
of  the  alarm  system  is  at  A,  repre¬ 
senting  pips  corresponding  to  five 
different  carrier  frequencies  in  the 
spectrum  portion  being  monitored. 
Neglecting  capacitance  smoothing, 
the  approximation  secured  with  the 
40-control  complex  wave  generator 
is  shown  at  B.  The  synthesized  wave 
is  reversed  in  polarity  as  at  C,  then 
combined  with  the  original  wave  of 
A  to  give  on  the  c-r  tube  screen  the 
resultant  pattern  at  D,  in  which  all 
parts  of  the  original  signal  are  below 
the  zero  axis.  It  is  now  possible  to 
establish  an  alarm  threshold  for  the 
thyratrons,  as  represented  by  the 
dot-dash  horizontal  line  in  D.  If 
two  new  signals  come  in,  as  repre¬ 
sented  by  pattern  E,  these  will  com¬ 
bine  with  the  pattern  of  D  to  give 
on  the  c-r  tube  screen  the  new  pat¬ 
tern  shown  at  F,  in  which  both 
signals  trip  off  the  alarm. 

The  approximation  obtained  in 
Fig.  2  achieves  the  desired  results 
of  showing  new  signals  clearly  above 
the  zero  axis  and  triggering  the 


FIG.  1 — Block  diagram  of  system.  When  properly  adjusted.  orriTol  el  a  new 
signal  at  the  panoramic  recelTer  makes  the  alarm  bell  ring 


FIG.  2 — Step-by-step  illustration  of  how  a  panoramic  receiTer  pattern  is  cancelled 
by  the  40-control  wore  generator.  Note  that  a  new  signal  triggers  the  alarm  eTen 
though  it  is  directly  on  the  frequency  of  a  concelled  signal 
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FIG.  3 — Reproduction  of  patterns  on  screen 
of  c-r  tube,  illustrating  how  a  shift  in  the 
frequency  of  a  signal  is  readily  recognized 


alarm,  even  though  the  synthesized 
wave  is  so  crude  that  patterns  are 
obtained  below  the  zero  axis. 

Advantages  of  the  System 

On  and  off  keying  of  the  original 
signals  does  not  interfere  with  can¬ 
cellation  or  set  off  the  alarm  if  the 
alarm  threshold  is  properly  set  while 
all  carriers  are  on.  There  is  only  a 
downward  displacement  in  the  pat¬ 
tern  when  a  carrier  goes  off  the  air. 


Similarly,  fading  of  the  original  sig¬ 
nals  does  not  actuate  the  alarm. 

A  further  advantage  is  that  no 
portion  of  the  received  frequency 
spectrum  is  blocked  off.  For  exam¬ 
ple,  if  a  known  carrier  is  displaced 
downward  and  an  unknown  carrier 
of  the  same  frequency  starts  up  as 
illustrated  by  the  first  new  signal  in 
Fig.  2E,  the  two  will  add  together 
and  give  a  received  signal  of  ampli¬ 
tude  equal  to  the  sum  of  the  two  sig¬ 
nals.  This  peak  amplitude  will  ex¬ 
ceed  the  alarm  threshold  with  respect 
to  the  normal  horizontal  axis. 

It  is  thus  seen  that  the  cancella¬ 
tion  and  indicating  system,  when 
used  in  conjunction  with  a  pano¬ 
ramic  receiver  or  when  constructed 
as  an  integral  part  of  a  panoramic 
receiver,  provides  completely  auto¬ 
matic  operation  after  the  existing 
known  signals  have  been  cancelled 
out.  Several  such  receiver  systems 
could  be  monitored  by  one  observer 
without  severe  optical  strain  since 
he  would  use  the  oscilloscope  only 
during  the  initial  setting-up  pro¬ 
cedure  and  during  those  times  when 
the  alarm  indicated  the  appearance 
of  a  new  signal. 

The  frequencies  of  several  trans¬ 
mitters  may  be  monitored  simultan¬ 
eously.  If  the  frequency  of  one  car¬ 
rier  varied  it  would  be  displaced  on 
the  time  axis  of  the  panoramic  scope 
and  rise  out  of  its  declivity,  ringing 
the  alarm.  This  is  illustrated  by  the 


reproduction  of  actual  patterns  in 
Fig.  3. 

Pulse  Generofion 

One  pulse-generating  proposal  in¬ 
volved  using  40  trigger  circuits  so 
arranged  that  each  would  trip  im¬ 
mediately  following  the  preceding 
one.  The  number  of  tube  circuits  in¬ 
volved  was  considerable,  Tiowever,  so 
this  method  was  discarded  in  favor  of 
a  commutator  and  brush  assembly. 

Preliminary  tests  of  the  commuta¬ 
tor  brush-arm  assembly  as  a  com¬ 
plex-wave  generator  were  carried  out 
using  a  42-segment  faceplate  origi¬ 
nally  built  for  telegraph  work.  In  the 
initial  setup,  each  of  40  of  these 
segments  was  connected  to  the  mov¬ 
able  arm  of  one  of  40  potentiometers. 
The  potentiometers  in  turn  had  their 
respective  high-impedance  terminals 
connected  in  parallel.  The  remaining 
two  segments  were  used  to  provide 
external  synchronizing  pulses  for  a 
standard  oscilloscope.  The  angular 
velocity  of  the  rotating  brush  arm 
in  this  case  was  approximately  15 
rps,  thus  requiring  very  good  low- 
frequency  response  in  the  succeeding 
amplifiers.  This  angular  speed  could 
not  be  increased  materially  without 
causing  noticeable  splits  between  the 
rectangular  pulses  unless  great  care 
was  taken  in  the  adjustment  of  the 
brush  position. 

In  its  final  design,  the  multi-seg¬ 
ment  commutator  has  two  solid  and 


FIG.  4 — Circuit  diagram  of  cancellation  and  alarm  system.  Power  packs  (not  shown)  are  of  conventional  design  except  for  inclusion  of 
an  electronic  voltage-regulator  in  the  low-voltage  supply  system.  Values  of  components  are  in  ohms  and  microfarads  unless  other¬ 
wise  indicated 
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two  segmented  concentric  rings,  the 
outside  ring  being  divided  into  84 
equal  segments.  The  first  80  are 
paired  by  interconnecting  diamet¬ 
rically  opposite  segments  to  double 
the  fundamental  output  frequency. 
Thus,  the  complex  wave  output  made 
up  of  40  successive  rectangular 
pulses  has  a  fundamental  frequency 
of  30  cps  even  though  the  brush 
actually  rotates  at  15  rps.  The  an¬ 
gular  speed  of  the  brush  is  derived 
from  an  1,800-rpm  synchronous  mo¬ 
tor  operating  through  a  2-to-l  step- 
down  gear  train.  The  remaining  four 
segments  are  used  for  periodically 
discharging  a  capacitor  that  pro¬ 
duces  the  sawtooth  voltage  used  for 
horizontal  sweep  of  the  cathode-ray 
tube  and  for  synchronizing  purposes. 

Monitor  Oscllloseop* 

The  circuit  diagram  of  the  com¬ 
plete  cancellation  and  alarm  system 
is  given  in  Fig.  4.  The  monitor  os¬ 
cilloscope  follows  conventional  televi¬ 
sion  technique.  All  amplifiers  have 
been  carefully  compensated  for  low 
frequencies  to  insure  accurate  repro¬ 
duction  of  the  complex  wave.  Tubes 
permitting  maximum  circuit  linear¬ 
ity  were  selected  and  their  character¬ 
istics  were  further  improved  by  ade¬ 
quate  use  of  degeneration. 

The  sawtooth  voltage  used  for 
horizontal  oscilloscope  deflection  and 
for  sweeping  the  heterodyne  oscil¬ 
lator  frequency  of  the  panoramic  re¬ 
ceiver  or  other  external  equipment  is 
generated  in  a  simple  manner.  Ca¬ 
pacitor  C,  is  charged  from  the  300- 
volt  supply  through  resistance  Ri  and 
periodically  discharged  through  com¬ 
mutator  rings  2  and  4.  The  time  dur¬ 
ing  which  the  brush  is  passing  over 
segments  41  and  42  is  used  for  syn¬ 
chronizing  purposes,  and  appropri¬ 
ate  segments  are  located  on  com¬ 
mutator  ring  2  to  achieve  discharge 
in  the  allotted  time.  Capacitor  Ci 
cannot  recharge  until  the  start  of 
the  first  rectangular  pulse.  This  is 
necessary  since  if  the  capacitor  were 
permitted  to  recharge  immediately, 
a  part  of  the  synchronizing  time 
would  appear  on  the  oscilloscope 
screen. 

In  a  push-pull  oscilloscope  deflec¬ 
tion  arrangement,  one  of  the  deflec¬ 
tion  plates  must  go  positive  with  re¬ 
spect  to  the  centering  potential  for 
either  an  upward  or  a  downward  mo¬ 
tion  of  the  oscilloscope  trace.  Conse¬ 


quently,  by  coupling  the  grids  of  a 
pair  of  thyratrons  directly  to  the 
vertical  plates  of  the  oscilloscope, 
one  thyratron  can  be  biased  to  ignite 
on  an  upward  deflection  of  the  elec¬ 
tron  beam  and  the  other  on  a  down¬ 
ward  deflection.  The  manual  setting 
of  the  alarm  threshold  or  limit  con¬ 
trol  determines  the  amount  of  de¬ 
flection  required  to  operate  the 
alarm. 

The  flow  of  cathode  current  that 
is  initiated  when  either  one  or  both 
of  thyratrons  V,  and  V,  are  ignited 
energizes  the  relay.  This  relay  can 
be  used  to  operate  any  type  of  alarm 
desired.  Since  the  grid  of  a  thyra¬ 
tron  loses  control  after  the  tube  is 
conducting,  the  relay  will  remain  in 
its  alarm  position  until  an  attendant 
opens  the  alarm  switch  that  inter¬ 
rupts  the  flow  of  plate  current 
through  that  thyratron. 

Two  power  supplies  are  used,  a 
300-volt  regulated  supply  for  the  am¬ 
plifier  circuits  and  a  low-current 
1,200- volt  supply  for  the  cathode-ray 
tube. 


Coding-Sigiial  Generator 

The  complex  wave  generator  can 
approximately  duplicate  any  wave 
shape  having  a  fixed  repetition  per¬ 
iod.  It  is  therefore  an  ideal  coding- 
signal  generator.  In  a  practical  ap¬ 
plication,  the  40  amplitude-control 
potentiometers  might  be  ten-step 
voltage  dividers  numbered  1  to  10. 
The  code  designation  for  a  particular 
wave  would  then  consist  of  forty  con¬ 
secutive  numbers  indicating  the  in¬ 
dividual  settings  of  the  40  voltage 
dividers.  The  total  number  of  pos¬ 
sible  combinations  is  approximately 
10’*.  The  modulation  signal  superim¬ 
posed  on  the  coding  signal  would  be 
intelligible  only  to  receiving  stations 
having  the  same  wave  generator, 
with  its  40  controls  set  to  cancel  ex¬ 
actly  the  transmitted  coding  signal. 

Electrical  Network  Analysis 

A  modification  of  the  complex- 
wave  generator  can  serve  as  a  teach¬ 
ing  aid  for  both  steady-state  and 
transient  analysis  of  electrical  net¬ 
works.  Such  a  unit  would  include  a 
complex-wave  generator,  two  oscillo¬ 
scopes,  and  an  assortment  of  ladder 
networks.  The  wave  generator  can 
furnish  a  large  variety  of  wave  forms 
to  the  inputs  of  the  several  networks. 
The  input  wave  form  can  be  observed 


FIG.  5 — Raproductions  of  patterns  seen  on 
c-r  tube  screen  when  using  the  system  to 
determine  the  transient  response  of  an  RC 
network  to  an  applied  Toltage  consisting  of 
three  rectangular  pulses 

on  one  of  the  oscilloscopes,  and  the 
output  response  of  the  networks  can 
be  studied  individually  on  the  second 
oscilloscope  by  appropriate  switch¬ 
ing. 

Consider  a  transient  problem  in 
which  w'e  let  the  applied  voltage  con¬ 
sist  of  three  pulses,  the  last  being 
twice  as  long  as  the  other  two. 
Mathematically,  this  problem  is  quite 
involved,  but  the  complex-wave  gen¬ 
erator  quickly  gives  the  solution  as 
in  Fig.  5.  The  accuracy  here  is  more 
than  adequate  for  demonstration 
purposes. 

Other  applications  include  verify¬ 
ing  existing  mathematical  solutions 
of  network  responses  and  deriving 
approximate  responses  of  complex 
networks  for  which  no  exact  solu¬ 
tions  have  been  obtained.  The  com¬ 
plete  system  should  prove  particu¬ 
larly  useful  for  classroom  instruction 
especially  when  it  is  necessary  to  re¬ 
duce  instruction  time  to  an  absolute 
minimum. 

Work  on  this  system  was  carried 
out  in  RCA  Laboratories,  New  York 
City,  as  National  Defense  Research 
Committee  Project  PDRC-713  under 
the  direction  of  Dr.  H.  H.  Beverage, 
Associate  Research  Director  of  the 
Laboratories,  with  Navy  interest  and 
consultation.  Insofar  as  is  known, 
the  equipment  described  was  not  used, 
in  any  specific  military  application. 
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FIG.  1 — Simplified  circuit  of  a  hord-tube 
modulator.  The  low-lerel  trigger  pulse  is 
amplified  by  the  modulator  tube,  normally 
biased  below  cutoff  and  either  nonconduct¬ 
ing  or  crt  voltage  saturation  to  help  square 
up  the  pulse,  then  fed  to  the  magnetron 
through  the  coupling  capacitor 


New  fast-deionizing  4C35  and  5C22  thyratrons  permit 
switching  rates  up  to  5,000  per  second  for  line  modulator 
circuit  used  in  keying  magnetrons,  for  pulsed  communica¬ 
tion  systems,  for  replacing  gaps  in  spark-type  electronic 
heating  units,  and  for  high-speed  welding 
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FIG.  2 — Simplified  circuit  of  a  line  modu¬ 
lator.  The  hydrogen  thyratron  serves  as  a 
shorting  switch,  closing  for  the  duration 
of  each  pulse 

Among  the  many  new  techniques 
^,and  devices  developed  as  a  re¬ 
sult  of  the  war  effort  have  appeared 
hydrogen  thyratrons  of  special  de¬ 
sign  for  service  in  modulators,  pai- 
ticularly  the  pulse  modulators  of 
microwave  radar  systems.  In  this 
application  these  tubes  attained  a 
position  of  considerable  importance 
and  by  the  end  of  the  war  were  being 
specified  for  a  majority  of  the  pro¬ 
jected  radar  system  designs.  The 
purpose  of  this  paper  is  to  outline 
briefly  the  development  of  two  of  the 
most  successful  of  these  tubes,  their 
construction  and  characteristics,  and 
their  application  to  line-type  modu¬ 
lators. 

It  is  now  well-known  that  radar 
utilizes  a  repetitive  series  of  very 
short  pulses  of  uhf  or  microwave  ra¬ 
diation  to  scan  the  target  area.  Mod¬ 
ulators  are  used  to  pulse  or  key  the 
transmitting  oscillators  to  produce 
these  bursts  of  r-f  power.  The  brief¬ 
ness  of  each  pulse — with  durations 
of  the  order  of  one  microsecond — 


poses  special  problems  in  the  design 
of  these  modulators. 

Hard-Tube  Modulator 

Before  the  line  modulator,  particu¬ 
larly  as  adapted  to  utilize  hydrogen 
thyratrons,  achieved  its  prominence 
in  radar  design,  these  problems  were 
met  by  the  so-called  hard-tube  modu¬ 
lator  which  employed  vacuum  tubes. 
In  this  type  of  modulator,  a  basic  de¬ 
sign  of  which  is  shown  in  Fig.  1,  the 
pulse  is  formed  at  low  levels  to  the 
approximate  shape  desired  and  fed 
to  the  keyer  tube.  The  resulting  am¬ 
plified  and  flat-topped  high-level 
pulse  is  then  fed  to  the  magnetron 
through  a  capacitor. 

-Although  the  hard-tube  modulator 
is  capable  of  producing  excellent 
pulses — indeed,  is  the  only  type  of 
modulator  which  can  be  used  for  pro¬ 
ducing  the  closely-spaced  coded 
pulses  of  radar  beacon  systems — for 
general  search  radar  it  has  several 
disadvantages:  (1)  The  magnetron 
coupling  capacitor  is  heavy  and  bulky 
c since  it  must  have  a  large  value  of 
capacitance  to  keep  the  top  of  the 
pulse  sufficiently  flat)  ;  (2)  The  high 
voltage  and  current  ratings  impose 
harsh  requirements  on  the  keyer 
tubes;  ('3)  Considerable  voltage  am¬ 
plification  is  required  to  form  the 
low-level  trigger  pulses. 

Line  Modulator 

The  other  general  type  of  modu¬ 
lator  is  the  so-called  line  modulator, 
to  which  the  hydrogen  thyratron  is 


adapted  so  well.  In  this  type,  tlie 
pulse  is  formed  directly  at  high  volt¬ 
age  levels  as  in  Fig.  2.  A  small  art  i 
ficial  transmission  line,  formed  «»f 
recurrent  LC  networks,  charges  up 
between  pulses  to  a  very  high  volt¬ 
age.  Each  time  the  recurrent  elec¬ 
tronic  switch  closes,  the  line  re¬ 
leases  the  stored  charge  in  a  .surg«- 
through  the  load. 

The  special  design  of  this  line,  or 
pulse-forming  network  as  it  is  called, 
is  such  that  this  discharge  occurs  in 
the  desired  rectangular  pulse  shajie. 
The  pulse  shape  and  duration  are  de 
termined  entirely  bv  the  network ; 
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range  of  ambient  temperatures  (with 
proper  gas  fill). 


Hydrogen  Tube  Chosen 


Two  typical  hydrogen  thyratrons 


the  switch  merely  initiates  the  dis¬ 
charge.  The  switch  must  close  al¬ 
most  instantaneously  to  achieve  a 
sharp  leading  edge  on  the  pulse.  Al¬ 
though  the  switch  (unlike  the  keyer 
tube  of  a  hard-tube  modulator)  does 
not  have  to  open  as  rapidly,  since 
the  pulse-forming  network  controls 
the  pulse  behavior  once  the  discharge 
is  started,  it  must  open  quickly 
enough  to  have  no  detrimental  in¬ 
fluence  on  the  charging  characteris¬ 
tic  or  the  start  of  the  next  pulse. 

At  the  relatively  high  pulse  recur¬ 
rence  frequencies  in  use  (up  to  4,000 
pps),  a  rapid  deionization  time  is 
essential  if  the  switch  is  to  be  some 
sort  of  gas  discharge  tube.  This  type 
of  modulator  offers  many  advantages 
in  regard  to  simplicity,  compactness, 
and  reduction  in  weight. 

Switches  for  Line  Moduiotors 

One  of  the  first  switches  exten¬ 
sively  used  in  line  modulators  was 
the  modified  rotary  spark  gap,  resus¬ 
citated  from  the  early  days  of  wire¬ 
less.  It  was  noisy  and  heavy,  how¬ 
ever,  and  troublesome  as  far  as  life 
and  mechanical  maintenance  prob¬ 
lems  were  concerned.  In  addition,  it 


had  to  be  precision-built,  and  evi¬ 
denced  much  time  jitter  (erratic 
time  variation  between  successive 
pulses). 

Another  form  of  switch  employed 
was  the  enclosed  fixed  spark-gap. 
These  gaps  were  actually  gaseous 
diodes,  being  filled  with  gas  at  high 
pressures.  Several  of  these  tubes 
were  connected  in  series  to  form  the 
switch.  Unfortunately,  they  were 
characterized  by  rather  low  effici- 
ciencies  owing  to  their  high  voltage 
drops,  by  excessive  trigger  require¬ 
ments,  and  by  restricted  voltage  op¬ 
erating  ranges. 

The  disadvantages  of  these  early 
switches  led  Dr.  Germeshausen  of 
MIT  Radiation  Laboratory  to  pro¬ 
pose  in  1942  the  use  of  thyratrons  of 
special  design,  and  to  initiate  a  de¬ 
velopment  program  on  this  project 
at  the  Laboratory.  Among  the  ad¬ 
vantages  which  a  suitable  thyratron 
would  offer  were  light  weight,  com¬ 
pactness,  ruggedness,  simplicity  of 
construction  and  servicing,  stability, 
flexibility  of  operation,  low  tube  drop 
and  attendant  high  efficiency,  low 
grid  driving  power,  low  time  jitter, 
and  successful  operation  over  a  wide 


The  first  four  advantages  are  ob¬ 
tained  by  the  choice  of  a  line  modu¬ 
lator,  but  are  greatly  enhanced  by 
the  utilization  of  a  thyratron.  Pre¬ 
liminary  tests  indicated  that  the 
above  list  of  advantages  could  be  at¬ 
tained  with  thyratrons  containing 
hydrogen,  and  several  tube  manufac¬ 
turers  were  called  upon  to  help  com¬ 
plete  the  development  work.  The 
early  designs  finally  crystallized  into 
the  type  4C35,  later  standardized  as 
a  JAN  type,  which  operates  at  peak 
currents  up  to  90  amperes  with  a 
peak  voltage  rating  of  8  kilovolts. 

Shortly  after  this  tube  was  in  pro¬ 
duction,  Sylvania  was  given  a  con¬ 
tract  to  develop  a  higher-power  tube, 
eventually  standardized  as  the  t3rpe 
5C22.  This  tube  is  rated  at  a  peak 
voltage  of  16  kilovolts,  and  at  peak 
currents  up  to  325  amperes. 

Hydrogen  was  chosen  for  the  gas 
fill  because  of  its  high  ion  mobility 
resulting  from  its  light  weight.  This 
factor  furnishes  the  desirable  fea¬ 
ture  of  low  deionization  time,  which 
permits  the  rapid  switching  rates 
that  characterize  these  tubes.  Mer¬ 
cury,  of  course,  was  automatically 
ruled  out  because  of  its  low  ion  mo¬ 
bility  and  temperature  dependence. 
In  the  beginning,  helium  was  also 
under  consideration,  for  its  long 
mean-free-path  would  be  conducive 
to  high  plate  voltage  ratings.  Tubes 
made  with  it,  however,  tended  to  ex¬ 
hibit  cathode  deterioration  from  ion 
bombardment. 

Characteristics  of  Tubes 

The  structure  of  the  type  4C35 
hydrogen  thyratron  is  illustrated  in 
Fig.  3.  The  5C22  is  constructed  in  a 
similar  manner.  The  anode  consists 
of  a  circular  metal  disc  fastened  to  a 
metal  rod,  ending  in  the  anode  cap 
at  the  top  of  the  tube.  The  grid  con¬ 
sists  of  a  cylindrical  can  which  com¬ 
pletely  surrounds  both  anode  and 
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Table  I  —  Electrical  Ratings  of 
4C35  and  5C22  Hydrogen 
Thyratrons 


Hating 

iC3r> 

.■>C22 

Healer  voltage,  v 

6..3 

6..3 

Heater  current,  amp 

S..S-6.7 

9.6-11.6 

Heating  time,  sec 

180 

300 

Peak  anode  voltage,  kv 
Peak  anode  current, 

8.0 

16.0 

amp 

Peak  inverst;  antnle 

00 

32.3 

voltage,  kv* 

Average  antnle  current. 

8.0 

16.0 

ma 

Pulse  duration 
(measured  at  1/2 

100 

200 

amplitude),  m 

Pulse  reptdition 

6.0 

6.0 

frequency,  pps** 

1,000 

0.001 

Duty  cycle 

Peak  inverse  grid 

0.001 

voltagt',  V 

200 

200 

Ambient  temj)erature 

—  .^0  to 

—  .30  to 

90C 

-t-  90C 

•  III  pulseil  uperatiuii,  the  peak  inverse 
aiuxle  voltage  during  the  first  25  micro¬ 
seconds  after  the  pulse  shall  not  exceed  2.5 
kv  for  the  4C35  or  5  kv  for  the  5C22. 

*•  The  inaxiinuiu  pulse  reiietition  fre¬ 
quency  t/pr  in  inilses  per  second)  will  de- 
peinl  on  the  peak  forward  anode  voltage 
(Cpp  in  volts)  according  to  (cp^)  X  (/pr) 
2.0  X  TO'i  maximum.  Tube  may  be  ope¬ 
rated  in  any  position  but  should  be  clumped 
liy  ba.se  only.  Xo  cooling  stream  of  air 
should  tie  directly  applied  to  the  tub«‘ 
envelope.  Tube  should  be  kept  away  from 
strong  fields  which  could  ionize  gas. 


cathode.  The  latter  is  a  cylindrical 
structure  concentric  with  the  grid 
can.  It  consists  of  an  indirectly- 
heated  emitting  surface,  or  cathode 
proper,  surrounded  by  cylindrical 
heat  shields. 

It  will  be  noted  that  the  anode  is 
made  closely-spaced  from  the  grid. 
The  spacing  is  considerably  less  than 
the  mean-free-path  of  the  hydrogen 
at  the  operating  temperature.  This 
feature  is  responsible  for  the  high 
operating  and  hold-off  voltages.  Par¬ 
ticular  attention  was  given  to  the 
detailed  design  of  the  anode  seal, 
since  combined  temperature  and  volt¬ 
age  effects  could  cause  cracks  in  the 
seal.  This  would  permit  a  discharge 
directly  from  the  anode  to  the  grid 
structure,  with  consequent  loss  of 
control  of  the  tube. 

The  actual  control  element  of  the 
grid  structure  is  the  perforated  disc 
below  the  anode.  A  baffle  is  mounted 
beneath  this  disc.  For  the  final  de¬ 
sign  an  equipotential  cathode  with 
radiation  baffles  was  adopted  in  or¬ 
der  to  avoid  the  difficulty  with  hot 
spots  which  occurred  in  the  original 
directly-heated  cathodes.  A  consider¬ 
able  increase  in  heating  time  results 
with  this  type  of  cathode,  but  many 
advantages  accrue  which  overbalance 


the  slight  disadvantage  of  a  longer 
heating  time. 

The  mechanism  of  firing  seems  to 
be  as  follows :  When  the  trigger 
pulse  is  applied,  grid  current  begins 
to  flow  as  a  trigger  voltage  builds  up. 
When  this  current  has  reached  the 
required  value,  a  plasma  is  estab¬ 
lished  in  the  grid-cathode  region. 
The  electric  field  from  the  anode,  be¬ 
ing  so  intense,  then  causes  a  diffu¬ 
sion  of  electrons  over  to  the  grid- 
anode  region.  Almost  immediately 
a  plasma  is  established  in  this  re¬ 
gion,  followed  by  an  arc  from  anode 
to  cathode. 

A  summary  of  the  ratings  on  the 
type  4C35  and  5C22  hydrogen  thyra¬ 
trons  is  given  in  Table  I.  Recent 
tests  indicate  a  life  of  nearly  2,000 
hours  for  these  tubes,  and  research 
now  under  way  on  cathode  tech¬ 
niques  may  result  in  even  better  life 
figures.  The  5C22  has  been  operated 
at  repetition  rates  of  1,000  to  5,000 
per  second  using  8  kilovolts  and  75 
amperes  peak  current,  and  the  4C35 
has  operated  at  frequencies  over 
100,000  cps  at  fairly  low  voltages  and 
currents.  For  comparison,  radar 
systems  employ  pulse  recurrence  fre¬ 
quencies  from  100  to  4,000  pulses  per 
second,  pulse  widths  from  0.1  to  6.0 
microseconds,  peak  thyratron  anode 
voltages  from  1  to  30  kilovolts,  and 
peak  powers  from  5  to  3,000  kilo¬ 
watts. 

Hydrogen  Thyratron  Circuit 

A  practical  circuit  utilizing  a  hy¬ 
drogen  thyratron  is  shown  in  Fig.  4. 
The  load  in  this  case  happens  to  be  a 
pulse  transformer  and  magnetron 
oscillator.  The  step-up  pulse  trans¬ 
former  permits  magnetrons  to  be  op¬ 
erated  at  higher  voltages  than  the 
maximum  thyratron  voltage  ratings. 


a  fact  that  is  aided  by  the  high  peak 
current  capabilities  of  the  tubes,  and 
matches  the  magnetron  impedance 
to  that  of  the  pulse-forming  network. 
The  pulse  cable  permits  the  oscillator 
to  be  located  in  a  position  remote 
from  the  modulator. 

Since  the  anode  of  most  mag¬ 
netrons  must  be  integrally  connected 
to  the  coaxial  or  waveguide  output 
transmission  line,  for  safety  reasons 
the  anode  is  maintained  at  ground 
potential.  This  would  require  a  fila¬ 
ment  transformer  insulated  for  full 
peak  voltage.  By  utilizing  a  pulse 
transformer  with  a  bifilar  secondary 
winding,  a  magnetron  filament  trans¬ 
former  with  low  insulation  require¬ 
ments  can  be  used. 

The  pulse-forming  network  con¬ 
sists  of  a  series  of  small  LC  sections 
connected  in  tandem  to  form  a  recur¬ 
rent-network  artificial  transmission 
line  open-circuited  at  the  far  end. 
Although  many  networks  may  be 
used  to  produce  a  wide  variety  of 
pulse  shapes,  for  radar  purposes 
from  three  to  seven  similar  sections 
are  generally  used.  This  network 
charges  up  between  pulses  when  the 
thyratron  is  ofi',  and  discharges  in  a 
rectangular  pulse  when  it  fires. 

Network  Discharging  Action 

If  the  network  \a  charged  to  a  volt¬ 
age  E,  the  short-circuit  set  up  by  the 
firing  of  the  thyratron  suddenly 
causes  the  voltage  across  the  network 
terminals  to  drop  from  E  to  -\-E/2 
and  causes  a  voltage  —E/2  to  appear 
across  the  load.  This  sudden  voltage 
change  at  the  network  terminals 
surges  down  the  transmission  line,  is 
reversed  and  reflected  at  the  end,  and 
travels  back  to  neutralize  the  voltage 
at  the  network  terminals,  as  shown 
in  the  voltage  profile  along  the  pulse- 


FIG*  4 — Practical  line  modulator  circuit  employing  a  hydrogen  thyratron  to  drive  a 

magnetron  oscillator 
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the  inductance,  the  thyratron  anode 
voltage  swings  up  above  the  power 
supply  voltage  in  the  periodic  tran¬ 
sients  described.  The  peak  voltage 
reached  by  the  thyratron  is  approxi¬ 
mately  twice  that  of  the  power  sup¬ 
ply  voltage.  The  actual  voltage  across 
the  load  (into  the  pulse  transformer, 
if  employed)  is  about  one-half  that 
of  the  network  peak  voltage,  and 
about  equal  to  that  of  the  supply. 


AB  of  the  transient  in  Fig.  6B.  This 
portion  is  essentially  one-half  a  pe¬ 
riod  of  a  sine  wave. 

In  the  so-called  linear  charging, 
the  inductance  is  greater  than  that 
required  for  resonance  at  the  fre¬ 
quency  in  use,  and  the  thyratron 
voltage  waveform  approaches  the 
saw-tooth  pattern  of  Fig.  6D  as  the 
inductance  is  increased. 

A  third  method  of  charging,  the 
so-called  diode  charging,  utilizes  a 
small  hold-off  diode  in  conjunction 
with  an  inductance  less  than  that 
required  for  charging  at  the  fre¬ 
quency  in  use,  as  in  Fig.  6E.  The 
diode  keeps  the  voltage  from 
dropping  off  after  the  peak  has  been 
reached,  giving  the  output  voltage 
waveform  of  Fig.  6F. 


forming  network  at  various  instants 
of  time  (Fig,  5A).  The  terminal 
voltage  stays  at  E /2  while  the  volt¬ 
age  surge  is  traveling  along  the  line, 
as  in  Fig.  5B.  Thus,  there  is  pro¬ 
duced  the  rectangular  current  pulse 
of  Fig.  5C,  with  a  duration  depend¬ 
ing  on  the  length  of  time  it  takes  the 
surge  to  travel  down  the  line  and 
back.  By  varying  the  number  of 
sections  or  by  changing  the  values  of 
L  and  C  in  a  manner  consistent  with 
other  requirements,  the  pulse  width 
may  be  varied  as  desired. 

The  cancellation  of  voltage  at  the 
terminals  when  the  surge  returns  is 
perfect  if  the  load  impedance  is  equal 
to  the  characteristic  impedance  of 
the  line.  If  the  match  is  not  perfect, 
there  will  be  multiple  reflections  and 
re-reflections  in  the  line  until  the 
surge  energy  has  been  completely 
dissipated.  The  load  voltages  for 
such  cases  are  shown  in  Fig.  5D  and 
5E. 


Magnetron  Sparking 

The  information  in  Table  II  may 
be  of  help  in  designing  a  radar  line 
modulator  using  a  hydrogen  thyra¬ 
tron  to  drive  a  magnetron.  When  the 
magnetron  oscillator  is  employed  as 
the  modulator  load,  the  phenomenon 
of  magnetron  sparking  must  be  care¬ 
fully  considered.  This  sparking  con¬ 
sists  of  intermittent  transient  gase¬ 
ous  discharges  due  to  gas  liberated 
in  the  tube  from  such  sources  as  the 
cathode  or  by  field  emission  from  the 
metal  parts.  Most  magnetrons  spark 
when  first  operated  after  an  appreci¬ 
able  time  of  inoperation.  This  type 
of  sparking  usually  cleans  up  after 
the  first  few  minutes  of  operation.  In 
the  case  of  high-powered  magne¬ 
trons,  it  occurs  throughout  life  and. 
if  the  sparking  rate  is  not  excessive, 
does  not  cause  any  harm  in  the  sys¬ 
tem  performance. 

When  a  magnetron  sparks,  the  im¬ 
pedance  match  of  the  network  and 
load  is  destroyed,  since  the  magne¬ 
tron  is  practically  a  short  circuit.  The 
network  is  left  with  a  negative 
charge,  so  that,  depending  on  the 
degree  of  mismatch,  the  succeeding 
pulse  can  recharge  the  network  to 
3  or  4  times  the  normal  peak  thyra¬ 
tron  voltage.  Thus,  with  high-power 
magnetrons,  and  particularly  with 
long  pulse  widths  (where  the  net¬ 
work  capacitance  energy  storage  is 
high),  the  modulator  circuit  com¬ 
ponents  must  be  protected.  This  pro¬ 
tection  is  usually  provided  by  a  shunt 
diode  connected  across  the  network 
or  across  the  thyratron,  as  in  Fig. 
7A  and  7B.  With  a  suitable  diode,  the 
inverse  voltage  developed  across  the 
network  is  rapidly  discharged  and 
the  peak  network  voltage  held  sub¬ 
stantially  constant  on  the  succeeding 
recharge  cycle. 


Design  of  Charging  Choke 

Since  in  practice  a  modulator  is 
frequently  designed  to  operate  at 
several  combinations  of  pulse  repeti¬ 
tion  frequencies  and  pulse  lengths,  a 
common  arrangement  is  to  employ  a 
choke  which  is  resonant  at  the  low¬ 
est  repetition  frequency  desired. 
This  will  then  provide  linear  charg¬ 
ing  at  the  higher  frequencies.  The 
current  through  the  charging  choke 
periodically  reaches  zero  with  reson¬ 
ance  and  diode  charging,  but  does 
not  with  linear  charging,  where  con¬ 
stant  current  is  approached.  It 
should  be  pointed  out  that  the  cur¬ 
rent  passing  through  chokes  for 
resonant  and  diode  charging  has 
very  high  a-c  components,  so  that 
these  chokes  differ  markedly  in  de¬ 
sign  from  the  usual  filter  chokes, 
which  are  designed  for  currents  hav¬ 
ing  small  a-c  components  superim¬ 
posed  on  a  large  direct  current. 

Because  of  the  electrical  inertia  of 


Network  Charging  Action 

For  the  charging  phase  of  the  op¬ 
eration  of  the  line  modulator,  the  net¬ 
work  inductances  are  so  small  com¬ 
pared  to  the  charging  choke,  which 
is  measured  in  henrys,  that  we  may 
neglect  them.  The  equivalent  circuit 
is  then  as  in  Fig.  6A.  In  such  a  cir¬ 
cuit,  if  we  open  .switch  S  (no  initial 
inductance  current),  the  voltage 
acro.ss  the  switch  will  follow  the  well- 
known  behavior  of  Fig.  6B. 

In  the  .so-called  re.sonance  charg¬ 
ing,  the .  inductance  is  chosen  to 
resonate  with  the  network  capaci¬ 
tance  at  a  frequency  one-half  that  of 
the  pul.se  recurrence  frequency  in 
u.se.  The  voltage  waveform  across 
the  thyratron  or  switch  S  is  then  as 
in  Fig.  6C,  a  repetition  of  the  portion 
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FIG.  5 — Voltage  and  current  waveforms  in  a  line  modulator  circuit 
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changes  in  trigger  voltage  amplitude 
and  rate  of  rise,  whereas  it  is  only 
slightly  affected  by  changes  in  anode 
voltage  or  trigger  output  impedance. 
Where  time  delay  is  important,  it  is 
then  possible  by  using  a  stiffer  trig¬ 
ger  pulse  to  reduce  both  the  time 
delay  and  the  spread  in  time  delay 
from  tube  to  tube. 

As  an  example,  a  trigger  with  an 
amplitude  of  200  volts,  a  rate  of  rise 
of  800  volts  per  microsecond,  and  an 
output  impedance  condition  of  500 
ohms  will  reduce  the  time  delay  to 
0.2  to  0.6  microsecond.  This  stiffer 
trigger  will  also  reduce  the  time 
jitter  (variation  of  time  delay  from 
pulse  to  pulse  for  a  single  tube  under 
given  conditions).  The  maximum 
time  jitter  with  the  minimum  speci¬ 
fied  trigger  is  0.04  microsecond,  a 
value  that  will  be  reduced  to  about 
one-half  as  much  with  the  recom¬ 
mended  stiffer  trigger. 

It  has  been  found  that  using  d-c 
power  on  the  heater  will  reduce  the 
jitter  to  a  negligible  amount  regard¬ 
less  of  the  trigger  pulse  shape.  This 
indicates  that  the  jitter  is  caused  by 
the  effect  of  the  magnetic  field  of  the 
heater  coil  on  the  grid  current.  The 
time  jitter  in  these  tubes  is  so  low  as 
to  be  negligible  for  ordinary  pur¬ 
poses,  but  it  seems  likely  that  a  re¬ 
verse  coil  type  of  heater,  in  which 
the  magnetic  field  is  greatly  neutral¬ 
ized,  would  provide  a  jitter-free  tube 
for  an  a-c  filament  source  if  desired. 
A  comparison  of  a  trigger  pulse 
shape  meeting  specifications  and  one 


recommended  for  minimizing  time 
delay  and  jitter  is  shown  in  Fig.  8. 

A  capacitance  is  usually  employed 
for  feeding  the  trigger  to  the  grid, 
with  a  resistance  or  inductance  as 
the  grid-leak  impedance  element. 
Under  certain  conditions,  the  anode 
voltage  may  cause  the  grid  to  become 
positive  during  some  part  of  the 
charging  cycle,  through  the  coupling 
of  the  anode  and  grid  circuits  by  the 
grid-anode  tube  capacitance.  Pre¬ 
mature  firing  could  occur.  For  this 
reason,  when  a  resistance  is  used  it 
should  not  exceed  20,000  ohms,  and 
the  coupling  capacitor  should  not  be 
less  than  0.05  microfarad.  It  is  gen¬ 
erally  desirable  to  use  an  inductance 
since  this  will  prevent  the  grid  volt¬ 
age  from  rising  during  the  charging 
cycle.  A  value  of  5  to  25  millihenrys 
will  be  found  satisfactory.  An  in¬ 
ductance  is  particularly  preferable 
when  grid  bias  is  used  to  aid  deioni¬ 
zation,  and  it  should  be  kept  as  low 
as  possible  consistent  with  maintain¬ 
ing  the  trigger  pulse  shape  dictated 
by  the  minimum  specifications  or  by 
time  delay  considerations. 


tion  must  be  given  to  the  deioniza¬ 
tion  time  when  the  tube  shuts  off. 
If  the  anode  voltage  increases  too 
rapidly,  the  cathode-grid  region  may 
not  be  sufficiently  deionized  before 
the  anode  voltage  attains  a  value 
capable  of  reigniting  the  discharge. 
Under  extreme  conditions,  the  tube 
may  fire  itself  at  a  rate  sufficiently 
high  to  overload  the  average  current 
capabilities  of  the  power  supply  and 
kick  out  the  overload  relay.  Without 
any  additional  techniques,  resonance 
charging  would  be  the  preferred  type 
of  charging  where  rapid  deionization 
is  a  factor,  because  its  waveform  is 
such  as  to  keep  the  anode  voltage 
low  immediately  after  the  pulse. 

Where  deionization  must  be  con¬ 
sidered,  however,  it  is  customary  to 
introduce  deliberately  a  slight  mis¬ 
match  to  the  network  to  provide  an 
inverse  anode  voltage.  By  the  time 
that  the  anode  voltage  has  then 
reached  the  level  where  it  might 
reignite  the  discharge,  deionization 
is  sufficiently  complete  to  prevent 
reignition.  The  inverse  voltage  may 
also  be  produced  by  inserting  an  in¬ 
ductance  of  the  order  of  a  few  micro- 
henrys  in  the  anode  lead  of  the  thy- 
ratron.  The  use  of  a  negative  grid 
bias,  by  sweeping  out  the  positive 
ions  remaining  in  the  cathode-grid 
space  immediately  after  a  pulse 
(either  alone  or  together  with  the 
aid  of  inverse  voltage),  is  advantage¬ 
ous  at  high  repetition  rates. 


Trigger  Generator  Circuit 

A  simple  and  compact  two-tube 
trigger  generator  designed  by  R. 
Fricks  which  meets  all  the  require¬ 
ments  of  the  trigger  specifications  is 
presented  in  Fig.  9.  It  was  developed 
for  a  short-range  navigational  radar 
set  and  has  proven  to  be  quite  stable 
during  power  supply  variations.  Fre¬ 
quency  control  may  be  obtained  by 


Trigger  Voltage  Requirements 

Although  most  tubes  will  fire  with 
trigger  voltage  amplitudes  and  dura¬ 
tions  considerably  lower  than  the 
minimum  specified,  the  specifications 
were  set  conservatively  to  insure 
satisfactory  triggering  under  all  con¬ 
ditions.  The  specified  JAN  trigger  is 
shown  in  Fig.  8.  Practically  all  tubes 
will  fire  with  a  100-volt,  2-micro- 
second  trigger.  Some  tubes,  however, 
require  a  trigger  with  a  moderate 
amplitude  and  length  for  initial 
starting ;  after  firing,  the  trigger 
can  be  reduced  to  50  volts  amplitude 
wdth  satisfactory  operation  on  most 
tubes. 

With  the  specified  trigger  the  time 
delay  will  vary  from  0.5  to  0.9  micro¬ 
second  for  all  tubes  on  both  the 
4C35  and  the  5C22.  Time  delay  here 
is  the  time  from  the  start  of  the 
trigger  pulse  to  the  firing  of  the 
anode.  It  will  vary  greatly  with 


CHARGING 

CH0l« 


HOLD-OFF 
^  DIODE  ♦ 


FIG.  6 — Equiyalent  circuit  of  line  modulator  in  charging  phase  (A),  voltage  wave¬ 
form  across  switch  after  closing  (B).  resonance  charging  voltage  waveform  ocross 
thyrotron  (C),  linear  charging  voltage  waveform  across  thyratron  (D).  circuit  for 
diode  charging  (E),  and  diode  charging  voltage  waveform  across  thyratron  (F) 
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Table  II — Line  Modulator  Design 


lynrfjrfnrfTq 


fpr  Pulse  repetition  rate 
tp  Pulse  width 

epu  Peak  thyratron  forward  anode  \  oltage 
epx  Peak  thyratron  inverse  anode  voltage 
I  Average  tliyratron  anode  current 
ib  Peak  thyratron  anode  current 
In  Average  oscillator  anode  current 
i  M  Peak  oscillator  anode  current 
C  Network  section  capacitance 
N  Number  of  network  sections 
Cs  Total  network  capacitance 
L  Network  section  inductance 
Pp  Peak  load  power 
Pa  Average  load  power 
Zl  Transformed  load  impedance 
Zu  Oscillator  impedance 
Zf/  Network  characteristic  impedance 
e«  Oscillator  efficiency 
El  Peak  load  voltage 
Eu  Peak  oscillator  voltage 
P>p  Oscillator  peak  r-f  power 
Ppp  Oscillator  average  r-f  power 
D-C  power  supply  voltage 
Lc  Charging  choke  inductance 
n  Pulse  transformer^turns  ratio 


Zs  -  (L/C)^* 
tp  -  2  N  (LO*/* 


ib  ^  matched 

Zs  -r  ^  I  ZZi  network 

n  _  /  V  y  ■»  for  load 

*  ”  \Zs  +  Zl)  \Zi  matched 
.  *  to  net'  ork 

Pa  =  ^  fpr  tp  for  match 
4Z  L 

Pap  ^  Pp^m  f  ~  f  pr  tp 

P,A  =«  Pa  e„ 


El 

Em 


^  ^pp  j  _££»  for  load  matched 
Zm  Zl  2  to  network 

=  r?Ei 


nUu  =  ib 

epp  ^2Ed.c 


for  resonanct' 


•pr - ^ 

TT  [Lc  Ijn)  charging 
Lc  >  ,  \  -  for  linear  charging 

P^Jpr  Ls 


varying  the  time  constants  of  the 
multivibrator  coupling  circuits. 

During  the  establishment  of  a 
plasma  in  the  grid-anode  region 
when  the  tube  starts  to  fire,  the  grid 
potential  is  raised  to  a  very  high 
voltage  for  a  few  hundredths  of  a 
microsecond.  The  so-called  grid 
spike  of  Fig.  lOA  results.  It  does  not 
have  much  energy,  but  can  radiate 
noise  and  also  interfere  with  the  op¬ 
eration  of  certain  types  of  trigger 
circuits. 


In  some  cases,  it  may  be  desirable 
to  attenuate  the  action  of  the  spike 
voltage  on  the  trigger  circuit.  A  low- 
pass  filter  can  be  readily  designed  to 
pass  the  grid  voltage  into  the  thyra¬ 
tron  to  prevent  the  spike  from 
getting  back  into  the  generator. 
When  such  a  filter  is  used,  com¬ 
ponents  rated  at  high  voltage  should 
be  specified  because  of  the  high 
transient  voltages  involved.  A  t-r  gas 
switching  tube  can  also  be  used,  al¬ 
though  a  gas  diode  with  an  ignition 
potential  of  the  order  of  300  to  400 
volts  may  be  connected  across  the 
thyratron  grid  and  cathode.  Typical 
grid  potential  curves  appear  in  Fig. 
lOA  and  lOB. 


Tube  Life 

During  the  early  period  of  the  de¬ 
velopment  of  the  4C35,  the  life  was 
found  to  decrease  markedly  with  in¬ 
crease  in  the  rate  of  rise  of  the  anode 
current.  It  was  found  that  this  could 
be  overcome  by  improved  processing 
techniques,  and  it  was  then  thought 
that  no  limit  on  the  rate  of  rise  of 
anode  current  was  required.  Subse¬ 
quently,  it  became  apparent  on  the 
5C22,  however,  that  the  rate  of  rise 
was  important  in  connection  with 
tube  dissipation. 

During  the  ionizing  time  of  the 
tube,  the  anode  potential  is  decreas¬ 
ing  at  an  extremely  rapid  yet  finite 
rate.  If  the  anode  current  is  per¬ 
mitted  to  rise  at  a  high  rate  during 
this  time,  then  the  tube  dissipation 
will  be  increased.  It  has  been  con¬ 
firmed  that,  at  a  constant  duty  cycle 
(pulse  recurrence  frequency  multi¬ 
plied  by  pulse  width),  the  average 
dissipation  is  almost  a  linear  func¬ 
tion  of  the  repetition  rate;  this  is  the 
reason  for  the  maximum  rating  of 

X  fpr» 

In  many  cases,  the  ceiling  on  the 
rate  of  rise  may  be  set  by  the  re¬ 
quirement  of  satisfactory  operation 
of  the  oscillator,  but  in  any  event  it 
is  wise  to  limit  it  to  a  value  consist¬ 
ent  with  satisfactory  overall  system 
•  performance.  At  low  repetition  rates, 
the  tube  dissipation  will  be  low  and, 
since  a  portion  of  the  dissipation 
causes  cathode  heating,  the  pulse 
cathode  temperature  may  be  lower 
than  normal.  Under  these  conditions 
(particularly  at  high  peak  currents), 
a  fast  rate  of  rise  may  result  in  cath¬ 
ode  sparking  in  the  thyratron.  This 
condition  can  be  considerably  aggra¬ 


FIG.  7 — Two  circuits  for  protecting  a  line 
modulator  against  magnetron  sparking 


FIG.  8 — Recommended  open-circuit  trigger 
voltage  shapes 


FIG.  9 — Compact  trigger  generator  circuit 
recommended  for  use  with  4C35  and  5C22 
hydrogen  thyratrons 


vated  by  the  stray  capacitance  to 
ground  of  any  of  the  circuit  compon¬ 
ents  connected  to  the  anode.  This  ca¬ 
pacitance  is  charged  to  full  peak 
anode  voltage.  When  the  tube  fires, 
this  stray  capacitance  may  discharge 
through  the  thyratron  and  not 
through  the  network  load  circuit. 
The  resultant  spike  on  the  leading 
edge  of  the  pulse  causes  the  spark¬ 
ing.  An  inductance  of  a  few  micro¬ 
hen  rys  in  the  anode  lead  will  be  use¬ 
ful  in  limiting  the  rate  of  rise,  and 
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will  not  seriously  distort  the  pulse 
unless  it  is  extremely  short. 

The  heating  time  of  the  4C35  and 
5C22  are  three  and  five  minutes,  re¬ 
spectively,  but  the  heating  time  may 
be  reduced  by  increasing  the  applied 
heater  voltage  during  the  warm-up 
period.  After  the  heating  period  the 
full  anode  voltage  may  be  applied 
abruptly. 

Frequency  Considerations 

Because  of  the  pulsing  of  the  mag¬ 
netron,  it  does  not  furnish  r-f  power 
output  at  a  single  frequency,  but 
over  a  continuous  spread  of  frequen¬ 
cies  closely  spaced  about  a  center 
value  as  shown  in  Fig.  11.  If  this 
spread  is  too  great,  much  of  the  r-f 
output  energy  radiated  may  be  use¬ 
less,  because  the  narrow  bandwidth 
of  the  receiver  limits  the  frequencies 
it  can  detect. 

One  factor  which  can  contribute  to 
such  excessive  broadening  of  the 
spectrum  is  a  poor  voltage  pulse 
shape  applied  to  the  magnetron. 
This  results  in  both  frequency  and 
amplitude  modulation.  The  high 
pushing  figures  (instantaneous  rates 
of  change  of  radio  frequency  with  re¬ 
spect  to  magnetron  plate  current)  of 
some  magnetrons  place  stringent  re¬ 
quirements  on  how  uniform  and  con¬ 
stant  the  top  of  the  voltage  pulse 
should  be  throughout  the  duration  of 
the  pulse.  Although  the  static  mag¬ 
netron  impedance  is  about  1,000 
ohms,  the  low  dynamic  impedance 
(  50  to  100  ohms  in  some- cases)  em- 


(B)  time 


FIG.  10 — Typical  grid  potantial  waTeformi 
in  triggar  gsnarator  circuit 


phasizes  any  variation  in  this  volt¬ 
age,  as  illustrated  in  Fig.  12,  and 
greatly  deteriorated  spectra  result. 

Hydrogen  thyratrons  may  be  op¬ 
erated  successfully  in  parallel  and 
series  to  increase  the  peak  network 
voltage  or  peak  current. 

Industrial  Applications 

In  addition  to  the  radar  applica¬ 
tions  for  which  the  hydrogen  thy- 
ratron  was  originally  designed, 
there  are  many  places  where  the 
light  weight,  simplicity,  flexibil¬ 
ity  and  ease  of  operation,  high 
voltage  and  current  capabilities, 
and  the  rapid  switching  perform¬ 
ance  of  tubes  of  this  type  will  be 
of  value.  In  pulsed  communication 
systems,  in  microwave  local  heating 
of  glass  or  plastic,  and  in  dielectric 
heating  it  has  excellent  possibilities. 
The  replacement  of  rotary  spark 
gaps  in  radar  by  thyratrons  logically 
suggests  the  adaptation  of  these 
tubes  to  spark-gap  induction  heaters. 
A  small  500-watt  induction  heater 
using  a  single  thyratron  has  been 
constructed.  It  gave  high  efficiency, 
with  an  output  readily  controlled  by 
adjusting  the  drive  frequency.  This 
suggests  possible  special  applications 
for  diathermy  and  electrosurgical 
equipment. 

The  accurately  spaced  pulses  ob¬ 
tained  by  using  pulse  techniques  sug¬ 
gest  use  in  high-speed  welding.  The 
fact  that  the  tube  is  off  between 
pulses  would  permit  recovery  time  to 
avoid  depolarization  effects  in  elec¬ 
troplating  in  a  ^  properly-designed 
system. 

The  rapid  deionization  time  lends 
itself  to  employment  in  high-speed 
oscilloscope  sweep  circuits  and  to 
servomechanisms  and  motor  controls 
where  rapid  switching  is  a  factor  of 
importance. 

In  a  light-modulator  circuit  with  a 
pulser  similar  to  that  described,  a 
hydrogen  thyratron  was  used  to  flash 
a  gas  discharge  tube  at  frequencies 
between  5,000  and  6,000  times  per 
second.  Intense  short-duration  light 
flashes  obtained  in  this  way  can  be 
utilized  with  a  uniform  film  motion 
for  study  of  high-speed  motion. 
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FIG.  11 — Radio-frequency  output  spectrum 
of  an  oscillator  pulsed  by  o  rectangular 
pulse,  as  computed  by  Fourier  analysis. 
At  10.000  me  the  spread  of  the  central 
lobe  is  of  the  order  of  a  few  megacycles 


FIG.  12 — Effect  of  a  poor  Toltage  pulse 
on  magnetron  current  pulse  shape,  show¬ 
ing  how  a  slight  irregulority  in  the  bot¬ 
tom  of  a  Toltage  pulse  is  magnified  in  the 
current  pulse 
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Front  panel  of  commercial  single-channel  cathode-ray  oscilloscope  as 
modified  for  the  new  5SP  double-beam  tube  by  addition  of  five  con¬ 
trols.  a  switch  and  an  extra  pair  of  X  and  Y  binding  posts  alongside 
the  tube.  The  tube  projects  forward  from  the  panel  due  to  its  own 
length,  use  of  an  adopter  socket,  and  a  one-inch  halo-eliminating 
plate  glass  in  front  of  the  tube  face 


Double -Beam 

C-R  TUBE 


In  Biological  Research 


New  eathode-ray  tube  offers  many  advantages  for  simultaneous  observation  and  recording 
of  two  or  more  fast  transient  phenomena  such  as  nerve  potentials.  Simple  method  of  modi¬ 
fying  a  DuMont  type  247  oscilloscope  to  use  the  type  5SP  double-beam  tube  is  given 


By  THEODORE  H. 


BULLOCK 


h* ftartment  of  Anatomii 
I  nirernit if  of  MiMHoiiri 
Cotumhia,  MinMouri 


ALTHOUGH  recording  by  mov- 
X^ing-element  oscillographs  (mir¬ 
ror  and  pen )  has  commonly  been 
multichannel,  cathode-ray  oscillog- 
raphy  in  physiological  laboratories 
has  rarely  involved  more  than  a 
single  channel,  effectively  limiting 
observation  in  most  cases  to  a  single 
event  or  locus  of  activity  in  the  sys¬ 
tem  under  study  at  one  time.  This 
is  accountable  on  the  basis  of  the  in¬ 
convenience  of  observing  and  photo¬ 
graphing  from  several  separate 
cathode-ray  tubes. 

The  limitation  is  e.specially  regret- 
able  because  the  cathode-ray  tube 
is  the  most  faithful  recording 
medium  available  to  the  physiologist. 
This  has  meant  that  in  many  labora¬ 
tories  problems  in  low-frequency 
phenomena  (below  100  cps)  could 
be  easily  attacked  with  the  advan¬ 
tage  of  multiple  simultaneous 
observations  by  using  ink-writers, 
while  problems  involving  faster 
transients  could  not. 

In  general,  the  limitation  has  been 
taken  for  granted,  but  in  retrospect 
it  can  be  seen  that  many  demon¬ 
strations  would  have  been  easier, 
better  controlled,  or  more  revealing 


if  simultaneous  recording  at  more 
than  one  point  had  been  possible. 

These  considerations  apply  espe¬ 
cially  to  the  field  of  neurophysiology, 
which  deals  with  potentials  in  nerv¬ 
ous  tissue  involving  frequency  com¬ 
ponents  up  to  and  above  10,000  cps. 
For  muscle  potentials  and  brain  and 
heart  waves  the  electronic  switch  has 
been  used,  but  commercially  avail¬ 
able  types  do  not  raise  greatly  the 
useful  frequency  limit  over  that  of 
good  ink  writers,  at  least  for  the 
nonrecurrent  signals  of  concern  to 
the  physiologist.  For  some  applica¬ 
tions  multielement  moving-mirror 
oscillographs  have  been  used  but 


FIG.  1 — Nerre  impulses  in  giant  fibers  of 
the  earthworm 


they  have  not  found  wide  favor 
among  physiologists,  in  part  be¬ 
cause  of  expense  and  the  inconven¬ 
ience  of  visualization  and  of  record¬ 
ing  with  expanded  time  scale. 

Double-Beam  Tubes 

A  significant  new  tool  is  made 
available  with  the  release  of  the  first 
commercial  double-beam  cathode-ray 
tubes  made  in  this  country.  English- 
made  single-gun  split-beam  tubes 
have  been  in  use  for  several  years 
in  a  few  continental  and  British 
physiological  laboratories.  The 
American  two-gun  tubes  differ  in 
the  possibility  of  independent  beam 


FIG.  2 — Simultaneous  recording  of  two  po¬ 
tentials  in  cortex  of  brain  under  Dial  nar¬ 
cosis.  using  one-fifth  second  sweep 
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modulation  and  horizontal  deflection 
as  well  as  push-pull  vertical  deflec¬ 
tion. 

Some  of  the  uses  of  this  new 
cathode-ray  tool  in  experimental  neu¬ 
rology  and  related  fields  will  be 
pointed  out,  and  one  convenient 
method  of  using  such  a  tube  in  ex¬ 
isting  oscillographic  equipment  will 
be  described.  Complete  dual-chan¬ 
nel  oscillographs  for  the  American 
two-gun  tubes  are  being  designed 
and  will  doubtless  be  available  in 
the  near  future. 

Doiibl*-l*am  Applications 

Probably  the  commonest  situation 
in  which  dual-channel  cathode-ray 
recording  will  be  used  is  in  the  simul¬ 
taneous  checking  of  two  points 
within  the  same  system.  This  may 
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FIG.  4 — Hoary  linos  show  compononts  addod  to  DuMont 
typo  247  otcilloscopo  for  contact  of  oxtra  gun 


+440 V  (♦SIDE  OF  CTO) 


2  MEG  25  MEG 
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-380V(-SIDE  OF  084) 


FIG.  5 — Compononts  addod  to  type  247  oscilloscope  for  horisontal  switching 
and  for  positioning  of  extra  electron  beam  independently  of  normal  beam 


ue  xur  uiie  ui  several  purposes. 

An  essentially  qualitative  com¬ 
parison  of  the  nature  of  electrical 
activity  at  locus  B  when  locus  A  is 
active  in  a  certain  pattern  is  a  com¬ 
mon  problem.  Sometimes  a  more 
quantitative  comparison  may  be 
needed,  such  as  the  voltage  at  locus 
A  in  relation  to  that  at  B,  or  time 
relations  at  these  points.  The  dual¬ 
beam  c-r  tube  lends  itself  especially 
to  the  determination  of  time  or  phase 
relations  of  transients  requiring 
time  axes  expanded  too  greatly  for 
convenient  moving  film  (mirror  gal¬ 
vanometer),  ink  writing,  or  elec¬ 
tronic  switch  recording.  Here  the 
triggered  sweep  is  used,  initiated 
by  an  outside  source  bearing  some 
relation  to  the  transient  or  initiated 
by  the  transient  itself. 

An  example  of  initiation  by  an 
outside  source  related  to  the 


FIG.  3 — Recordings  of  the  same  potential 
with  different  filtering,  taken  at  four  dif> 
ferent  times  to  illustrate  effect  of  sudden 
light  on  eyes  of  a  grasshopper 

transient  is  shown  in  Fig.  1.  In 
the  upper  record  a  small  electric 
shock  (seen  as  the  first  deflection) 
is  delivered  to  the  nerve  cord  of  an 
earthworm  and  the  impulses  in  its 
two  giant  nerve  fibers  are  picked 
up  at  measured  distances  from  the 
site  of  stimulation  by  pairs  of  fine 
wire  electrodes,  the  nearer  pair  lead¬ 
ing  to  the  lower  beam,  the  pair  far¬ 
ther  away  to  the  upper.  The  lower 
beam  is  modulated  by  a  1,000-cps 
signal  which  serves  to  time  both 
beams  since  they  are  swept  together. 

An  experiment  representing  the 
case  in  which  a  transient,  which  is 
not  produced  by  a  shock  and  is  there¬ 
fore  unpredictable  in  time,  triggers 


its  own  sweep  and  records  signifi¬ 
cant  comparison  of  the  activity  at 
another  point  during  the  same  inter¬ 
val  is  shown  in  Fig.  2.  These  are 
spontaneously  occurring,  synchro¬ 
nized  discharges  of  many  nerve  cells 
induced  by  local  application  of  strong 
strychnine  to  the  cerebral  cortex. 
Two  pairs  of  electrodes  pick  up  the 
activity  at  two  loci  on  the  cortex 
and  the  sweep  is  triggered  by  a  cer¬ 
tain  downward  deflection  of  the 
lower  beam. 

Checking  Vision  of  Grasshopper 

A  quite  different  application  is 
illustrated  in  Fig.  3.  Here  the  ac¬ 
tivity  at  the  same  locus  is  treated 
differently,  by  bandpass  filters  in 
the  two  amplifying  channels.  Two 
aspects  of  the  same  activity,  other¬ 
wise  not  readily  observed  at  the  same 
time,  may  be  studied  for  phase  and 
other  relations.  This  will  apply 
particularly  to  problems  involving 
slow  and  fast  component  activity  of 
widely  different  amplitudes.  In  the 
experiment  illustrated,  potentials  are 
picked  up  by  a  single  pair  of  elec¬ 
trodes  on  the  head  of  a  grasshopper 
and  passed  through  two  amplifiers. 
One  amplifier  filters  out  low  fre¬ 
quencies  and  permits  a  higher  gain 
setting  to  visualize  the  small,  fast 
activity  (upper  channel),  while  the 
other  amplifier  passes  both  slow  and 
fast  components  (lower  channel). 
The  top  record  shows  activity  in  the 
dark.  The  next  three  were  taken 
at  intervals  after  illuminating  the 
eyes  and  reveal  a  certain  partial  syn¬ 
chronization  of  the  small  spike-like 
activity  with  the  phases  of  the  large 
slow  waves.  The  record  was  made 
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necessarily  results  in  temporary 
interaction  of  the  beams  but  this 
happens  only  at  the  moment  of 
manipulating  the  position  control. 

Obtaining  Two  Writing  Rates 

It  is  likely  to  be  found  that  the 
deflection  sensitivities  of  the  two 
guns  are  not  identical.  In  this  case 
a  control  must  be  added  to  attentuate 
slightly  the  more  sensitive  gun,  as 
in  Fig.  6. 

It  will  be  noted  that  by  atten¬ 
uating  considerably  the  extra  beam 
and  increasing  horizontal  gain  so 
that  this  beam  is  deflected  full  scale 
(the  other  beam  now  going  far  off¬ 
screen),  the  writing  rates  of  the 
Since  the  neutral  positions  of  the  two  spots  can  be  mad#*  quite  differ- 
two  spots  will  probably  not  fall  on  ent.  Though  starting  together — at 
the  same  vertical  line,  it  is  desirable  the  same  left  position,  or  not,  as  de- 
to  provide  a  separate  position  con-  sired — one  will  show  what  is  hap- 
trol  for  the  extra  beam.  In  the  tube 
tested  in  this  laboratory  the  neutral 
positions  are  less  than  0.1  inch  apart 
horizontally  so  that  for  many  pur¬ 
poses  this  can  be  neglected  or  cor¬ 
rected  for.  The  two  pairs  of  hori¬ 
zontal  plates  can  then  be  direct 
coupled  and  the  position  control  pro¬ 
vided  in  the  oscilloscope  can  be  used 
to  control  both  beams. 

Where  it  is  necessary  to  position 
the  beams  independently  this  can  be 
done  as  in  Fig.  5  by  throwing  a 
switch,  capacitively  coupling  the 
extra  beam  with  the  oscilloscope 
sweep  circuit  and  introducing  a  posi¬ 
tioning  voltage  derived  from  the 
low-voltage  supplies.  It  is  now  pos¬ 
sible  not  only  to  correct  for  slight 
misalignment  of  the  spots  but  to  dis¬ 
place  the  beams  relative  to  each  other 
intentionally.  Even  if  only  the  for¬ 
mer  is  desired  the  available  position¬ 
ing  voltage  must  be  great  enough  to 
move  the  spot  not  0.1  inch  but  2 
inches  or  more  in  order  to  put  the 
start  of  the  single  sweep  at  the  left. 

The  capacitive  coupling  of  the  sweep 


swept  by  the  oscilloscope  time  base 
circuit  the  beams  will  be  automati¬ 
cally  locked  together,  single  sweeps 
will  be  initiated  at  the  same  instant 
for  both  beams,  and  the  automatic 
beam  blanking  which  extinguishes 
the  spot  between  single  sweeps  oper¬ 
ates  for  both  spots.  If  the  horizon¬ 
tal  deflections  are  arranged  to  be 
of  the  same  length,  then  the  sweeps 
will  be  perfectly  synchronized  so 
that  regardless  of  imperfections  of 
linearity  or  slight  changes  in  sweep 
speed,  corresponding  points  on  the 
two  horizontal  axes  will  always  rep¬ 
resent  the  same  instant  of  time. 


with  a  commercial  electronic  switch 
and  shows  the  limitations  imposed 
thereby  for  transient  studies.  It  is 
seen  that  a  serious  loss  of  detail  in 
the  fast  activity  is  suffered.  Even 
at  moderate  film  speeds,  therefore,  a 
double  beam  may  be  desirable. 

Modifying  a  Standard  Oscilloscope 

For  the  greatest  flexibility  the 
two  beams  should  be  controlled  by 
completely  duplicated  accessory  cir¬ 
cuits  but  the  following  method  of 
using  a  two-gun  tube  with  a  single¬ 
channel  oscilloscope  of  an  existing 
type  sacrifices  few  features  and 
should  fill  the  requirements  of  many 
applications.  The  oscilloscope  avail¬ 
able  was  the  DuMont  type  247  whose 
power  supply  is  capable  of  operating 
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FIG.  6 — In  the  upper  pair  of  traces,  both 
beams  are  deflected  by  the  same  sweep 
▼oltaqe  but  one  gun  is  more  sensitiee  than 
the  other.  Lower  traces  show  how  this  has 
been  corrected  by  slight  attenuation  of  the 
faster  beam  and  use  of  an  independent 
position  control 


FIG.  8 — Components  added  to  type  247 
oscilloscope  for  Tertical  positioning  of  the 
extra  beam.  The  source  for  Tertical  de¬ 
flection  must  tolerate  a  d-c  Toltoge  and 
must  not  be  too  low  in  resistance 


pening  in  the  vertical  axis  for  a  rela¬ 
tively  long  period,  the  other  will  ex¬ 
pand  a  portion  of  this  time  for  more 
detailed  observation,  as  in  Fig.  7. 

The  final  control  added  to  the 
oscilloscope  was  for  vertical  posi¬ 
tioning.  This  could  be  done  exter¬ 
nally.  As  shown  in  Fig.  8,  it  is  not 
independent  of  the  resistance  of  the 
external  circuit  providing  the  verti¬ 
cal  deflection,  but  unless  that  is  ver>' 
low  it  will  bring  the  beam  far 
enough  off  center  to  provide  a  satis¬ 
factory  separation  of  the  two  sets  of 
signals. 

All  the  additions  are  easily  made 
and  inexpensive,  do  not  change  any 
of  the  critical  adjustments  of  the 
oscilloscope  circuits,  and  permit 
ready  return  at  any  time  to  the  usual 
single-beam  tube. 

The  biological  research  work  de¬ 
scribed  here  was  aided  by  a  grant 
from  the  University  of  Missouri  Re¬ 
search  Council. 


both  guns  of  the  type  5SP  tube.  It 
is  only  necessary  to  add,  as  in  Fig. 
4,  potentiometers  in  parallel  with 
the  existing  ones  for  focus  and  inten¬ 
sity  control  of  the  extra  beam.  It 
may  be  necessary  to  move  one  or  both 
sets  of  potentiometers  up  or  down 
the  high-voltage  bleeder  a  little.  The 
proper  position  is  easily  determined 
by  trial. 

The  horizontal  plates  of  both  guns 
may  be  connected  to  the  sweep  cir¬ 
cuit  of  the  type  247  or  one  beam  may 
be  swept  from  an  outside  time  base 
circuit.  One  beam  then  will  have 
the  vertical  amplifier  provided  in  the 
oscilloscope,  while  the  other  must 
be  deflected  directly.  In  physio¬ 
logical  applications  this  is  generally 
easy  since  the  specially  built  pre¬ 
amplifiers  required  for  most  record¬ 
ing  are  ordinarily  capable  of  deflect¬ 
ing  a  cathode-ray  beam  directly. 

In  the  case  where  both  beams  are 


FIG.  7 — Both  beams  are  deflected  by  the 
some  signal  here,  but  one  sweep  is  com¬ 
pressed  by  attenuating  the  sweep  Toltage 
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amount  of  far  ultraviolet,  below 
3000 A,  is  determined  by  the  laws  of 
temperature  radiation,  its  presence 
differentiates  such  sources  as  open 
fires,  flames,  sparks,  and  electric  arcs 
from  sources  of  illumination  and 
otherwise  ever-present  daylight.  It 
is  this  radiation  which  is  utilized  in 
a  new  electronic  fire-detector*  which 
is  practically  instantaneous  in  re¬ 
sponse,  and  has  proved  to  be  sensi¬ 
tive  to  minute  sources  of  fire  or 
sparking. 

Magnitude  of  Basic  Effect 

The  demands  made  on  a  detecting 
system  which  is  to  operate  on  the 
above  principle  can  best  be  estimated 
by  applying  the  law  of  temperature 
radiation  to  a  source  such  as  an  ordi- 
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FIG.  1 — Spectral  distribution  of  sunlight,  daylight,  artificial  light  sources, 
radiated  from  a  match,  and  sensitive  region  of  flame  detector 


STUDY  of  the  spectral  constituents  hot  enough  to  radiate  quanta  in  the 
of  light  sources  encountered  in  far  ultraviolet  region, 
every-day  life  shows  that  ultraviolet  In  the  case  of  unprotected  fire, 
radiation  is  rarely  found.  Even  near  flames,  or  sparks,  however,  all  the 
ultraviolet  radiation,  wavelengths  radiation  emitted  is  free  to  radiate 
between  3000  and  4000  Angstroms  without  an  ultraviolet  absorber,  other 
including  the  “tanning”  range,  must  than  whatever  absorption  takes  place 
be  sought  either  in  direct  sunlight  in  the  surrounding  air.  While  the 
under  favorable  atmospheric  condi¬ 
tions  or  from  especially  constructed 
ultraviolet  lamps.  Radiation  at  wave¬ 
lengths  still  shorter  than  3000  A  (the 
far  ultraviolet)  is  still  rarer,  and 
special  devices  such  as  arc  lamps  and 
quartz-enclosed  discharge  tubes  must 
be  used  for  their  production. 

Most  light  sources  emit  light  of 
wavelengths  far  into  the  infrared  as 
well  as  into  the  far  ultraviolet,  the 
amount  depending  only  on  the  tem¬ 
perature  of  the  source.  However,  in 
the  case  of  sunlight,  the  earth’s  at¬ 
mosphere  ( presumably  its  ozone  con¬ 
tent)  acts  to  absorb  ultraviolet  light 
so  strongly  that  we  find  essentially 
no  energy  below  3000A,  this  being 
particularly  so  for  daylight  or  diffuse 
sunlight.  In  artificial  sources,  any 
ordinary  glass  enclosure  will  imme¬ 
diately  eliminate  radiation  below 
about  3300 A  even  though  the  source 
itself,  the  tungsten  filament,  may  be 


FIG.  2 — Experimental  detector  tube  containing  a  quartz  radiation  window  in  front  of 

the  cathode  opening 
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nary  burning  match.  The  amount  of 
far  ultraviolet  radiation  can  then  be 
estimated. 

We  have 


J  =  3.7  X  10 


Where  J  is  the  energy  radiated  over 
a  hemisphere  per  square  centimeter 
of  radiating  area  per  second,  meas¬ 
ured  in  ergs,  for  a  wavelength  range 
from  A,  to  X..,  (in  cm),  at  an  absolute 
temperature  T. 

As.suming  a  temperature  of  1700 
degrees  Kelvin  for  a  burning  match 
we  find  that  at  an  ultraviolet  wave¬ 
length  of  2600A,  there  is  still  radi¬ 
ated  roughly  one  millionth  of  the  en¬ 
ergy  radiated  in  the  yellow  portion 
(6000A). 

The  law  described  in  Eq.  1  refers 
to  a  perfect  black-body,  but  for  orien¬ 
tation  purposes  regarding  the  order 
of  magnitude  of  effect  we  may  well 
consider  an  object  such  as  an  ignited 
match  as  a  black-body.  At  1700  K, 
and  the  wavelength  range  of  2550  to 
2650A,  we  find  approximately 

J  7^  ergs/cm*  per  hemisphere  per  second 
lUO  (2) 

Since  the  energy  of  each  light 
quantum  is  lic/\  we  have  for  the 
number  of  quanta 

where  h  =  Planck’s  constant,  c  =  light  velocity. 

Using  an  average  X  =  2600A,  Eq.  2 
and  3  give 

AT  ;r;  10®  quanta/cm*  per  hemisphere  per  second 

(4) 

For  a  detector  of  this  radiation 
which  has  an  effective  area  of  30  cm” 
located  at  a  distance  of  30  feet 
(10^'  cm),  the  sensitive  area  repre¬ 


FIG.  3 — Final  design  of  fire-detector  tube  that  is  sensitive  in  all  directions.  The  speciol 
glass  envelope  provides  about  80  percent  transmission  at  a  wavelength  of  2600 

Angstroms 


sents  a  fraction,  k  =  10  '‘,  of  a  hemi¬ 
sphere,  so  that  the  number  of  ultra¬ 
violet  quanta  received  is,  from  Eq.  4, 
about  10'  quanta  per  second  from  a 
square  centimeter  of  radiating  flame 
area. 

With  a  photoelectric  cell  assumed 
to  be  100  percent  efficient  for  this 
radiation,  the  current  yield  could  not 
be  more  than  10'**  ampere,  so  that 
this  method  of  detection  is  not  prac¬ 
tical.  Figure  1  shows  the  ultraviolet 
distribution  from  the  match  as  cal¬ 
culated  above,  together  with  the 
spectral  regions  of  other  light 


sources. 


Tube  Construction 


The  Geiger-Mueller  tube  known 
best  from  atomic  radiation  detection 
affords  detection  of  individual  parti¬ 


cles.  By  designing  such  a  tube  so 
that  the  ultraviolet  radiation  can  en¬ 
ter  its  cathode  cylinder,  and  thereby 
providing  a  surface  which  is  photo¬ 
electric  at  the  desired  wavelengths, 
but  not  at  a  longer  wavelength,  a 
most  efficient  detector  for  these  light 
quanta  can  be  obtained. 

Figure  2  shows  the  first  experi¬ 
mental  tube.  It  consists  of  a  semi- 
cylindrical  cathode  of  copper.  This 
metal  was  chosen  because  its  photo¬ 
electric  threshold  lies  in  the  desired 
wavelength  region.  The  photoelectric 
yield  is  highest  at  wavelengths  just* 
below  the  photoelectric  threshold 
wavelength  which  in  case  of  copper 
is  approximately  2500  A.  A  quartz 
plate  serves  as  the  radiation  window 
on  the  side  on  which  the  cathode 
cylinder  is  open.  The  total  effective 
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An  extremely  sensitive  detector  of  flames,  electric  sparks,  and  arcs,  yet  not  affectetl  by  ciay- 
light  or  artificial  light,  is  provided  by  a  (veiger- Mueller  tube  that  responds  only  to  ultraviolet 

light.  A  burning  card  triggers  the  relay  circuit  at  60  feet 


solid  angle  in  this  tube  was  limited 
to  about  40  by  120  degrees. 

A  second  design  shown  in  Fig.  3 
was  finally  developed,  allowing  sensi¬ 
tivity  in  all  directions.  The  cylinder 
consists  of  copper  screen  of  about 
50  percent  area  copper  coverage. 
This  was  carefully  prepared  to  avoid 
point  discharges,  and  sealed  in  an 
envelope  of  Corning  9741  glass  which 
allows  about  80  percent  or  more 
transmission  at  2600  A  wavelength. 
This  tube,  processed  and  filled  with 
suitable  gases,  proved  to  be  most 
suitable  for  the  fire,  flame,  and  spark 
detection.  Figure  4  shows  the  spec¬ 
tral  sensitivity  as  measured  with  a 
hydrogen  arc  as  a  light  source  and  a 
quartz  monochromator. 

Tube  Circuit 

The  electronic  circuit  required  in 
connection  with  the  detector  tube  is 
shown  in  Fig.  5.  This  must  operate  a 
relay  as  soon  as  the  average  input 
pulse  rate  as  supplied  by  the  Geiger- 
Mueller  tube  increases  to  or  above  a 
certain  predetermined  value.  This 
is  accomplished  by  a  circuit  which  in¬ 
jects  a  charge  on  a  capacitor-resis¬ 
tor  combination  for  every  pulse  re¬ 
ceived,  thus  essentially  integrating 
or  averaging  the  pulse  rate  over  a 
time  interval  of  the  order  of  the 
time  constant  t  of  the  combination. 

In  Fig.  5,  the  negative  pulses  re¬ 
ceived  from  the  sensitive  tube  are 
inverted  in  one  triode  unit,  fed  into 
a  cathode-follower  type  R-C  tank, 
the  potential  across  the  latter  con¬ 
trolling  a  thyratron  relay  circuit 
which  in  turn  controls  whatever 
alarm  device  is  to  be  activated. 

The  averaging  time  constant  t  is 
given  by  the  product  RC.  The  sensi¬ 
tivity  is  determined  mainly  by  the 
duration  of  the  positive  control 
pulses  reaching  the  cathode  follower 
determined  by  the  product  RC,  and 
by  the  absolute  magnitude  of  the 
charging  tank  capacitor  C.  Also,  the 
negative  grid  bias  control  of  the 
thyratrons,  accomplished  by  potenti¬ 
ometer  P,  provides  a  simple  adjust¬ 
ment  over  a  limited  range  of  sensi¬ 
tivity. 

Optimum  Sensitivity 

The  minimum  number  of  quanta 
that  can  be  detected  is  limited  only 
by  the  natural  background  count  due 
to  cosmic  ray  and  natural  radioactiv¬ 


ity  responses  of  the  Geiger-Mueller 
tube. 

The  number  of  such  background 
pulses  is  approximately  proportional 
to  the  product  of  diameter  and  length 
of  the  cathode  cylinder.  The  pulse 
rate  due  to  an  ultraviolet  radiation 
source  is  also  proportional  to  that 
product,  the  projected  cylinder  area. 
It  may  seem,  therefore,  that  it  would 
be  immaterial  to  what  size  the  de¬ 
tector  is  designed.  However,  this  is 
not  the  case.  For  optimum  sensitiv¬ 
ity  it  will  be  advantageous  to  make 
the  effective  detector  area  large. 

The  detector  tube  of  Fig.  3  has  a 
projected  cylinder  area  of  about  30 
cm^  resulting  in  a  natural  average 
background  rate  of  about  50  pulses 
per  minute,  or  a  little  less  than  two 
pulses  per  second. 

In  a  rough  calculation  of  the  aver¬ 
age  number  of  light  quanta  available 
for  detection  from  a  match  at  a  dis¬ 
tance  of  30  feet,  we  obtained  above 
about  10‘  quanta  per  second  for  the 
same  effective  tube  area.  Thus,  if  the 
efficiency  of  photoelectron  emission 
from  the  incident  quanta  is  at  all 
reasonable,  and  it  might  be  expected 
to  be  of  the  order  of  one  percent, 
a  very  appreciable  pulse  rate  should 
be  detectable;  about  100  per  second 
based  on  rough  assumption,  regard¬ 
ing  the  “blackness”  of  the  flame,  its 
effective  area,  and  the  photoelectric 
efficiency  of  the  detector.  This  figure 
demonstrates  quantitatively  the  basic 
phenomena  responsible  for  the  great 
sensitivity  achieved  in  this  device. 

Maximum  Sensitivity 

The  device  will  respond  practically 
instantaneously  (within  about  0.1 
second)  of  the  striking  of  a  match  at 
a  distance  of  60  feet  or  less  in  any  di¬ 
rection  from  the  detector  tube.  At 
greater  distances  larger  flames  will 
be  as  effective,  the  minimum  flame 
area  increasing  approximately  as  the 
square  of  the  distance.  Flame  cen¬ 
ters  of  higher  temperatures  will 
increase  the  minimum  distance  or  de¬ 
crease  the  necessary  flame  area  rap¬ 
idly.  Thus  the  device  is  extremely 
sensitive  to  sparks  or  electrical  arc¬ 
ing.  A  gas  lighter  when  struck  only 
once  anywhere  in  a  room  of  800 
square  feet  sets  the  alarm  relay  off 
immediately. 

This  extreme  sensitivity  may  in 


many  practical  applications  be  unde¬ 
sirable.  It  is  possible  to  reduce  this 
sensitivity  by  any  number  of  means, 
the  most  natural  one  being  in  choos¬ 
ing  the  proper  dimensions  of  R,  Ri,  C, 
and  Cl  so  that  the  charge  transmit¬ 
ted  to  C  per  pulse  received  is  small 
enough  to  require  an  appropriately 
large  number  of  pulses  to  trigger  the 
thyratron. 

Limitotioas  of  Optimum 

The  background  pulse  rate  repre¬ 
sents  an  average  number  of  pulses 
received  per  unit  of  time,  and  is 
made  up  of  pulses  succeeding  each 
other  at  random  time  intervals.  For 
a  given  averaging  time  element, 
given  by  x,  the  actual  number  of 
pulses  may  fluctuate  to  some  extent 
above  and  below  the  average  rate.  If 
this  average  pulse  rate  per  interval 
X  seconds  is  q,  then  the  probability 
that  ko  times  this  many  pulses  will 
arrive  during  the  same  interval  is 
given  by  Poisson’s  distribution 

This  provides  a  means  to  predict 
to  what  maximum  sensitivity  the  cir¬ 
cuit  may  be  adjusted  without  exceed¬ 
ing  a  given  probability  of  accidental 
triggering  by  the  background.  The 
factor  ko  is  directly  related  to  the 
sensitivity  in  that  the  instrument 
can  be  adjusted  to  trigger  if  the  pulse 
rate  ever  reaches  ko  times  the  back¬ 
ground  rate. 

Using  Stirling’s  approximation, 
we  can  obtain  from  Eq.  5  an  approxi¬ 
mate  formula  for  the  relationship 
between  the  required  ko  when  a  cer¬ 
tain  background  rate  q  is  given  and  a 
small  probability  is  desired 

1  A 

^  kn  1  * 

“  2.3Iog,oAk)  +  -j~-  1 

A  -  (2.3  log,, -  1  (6) 

For  two  probabilities  p,  =  10  *  and 
Ps  =  10'*  the  relationship  expressed 
by  Eq.  6  is  graphically  represented 
in  Fig.  6. 

Strictly,  a  circuit  of  the  type  used 
should  be  considered  as  responding 
to  the  occurrence  of  a  pulse-rate  of 
(kq)  or  larger,  which  would  require 
modification  of  Eq.  5  to 

V  (^‘0,9)  = 

A  ikqV 

However,  it  can  be  seen  that  for  any 
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large  value  ko  the  contributions  to 
the  integral  from  all  k  >  h  are  so 
small  as  to  be  negligible  for  the  pres¬ 
ent  purpose. 

The  chart  of  Fig.  6  makes  it  pos¬ 
sible  to  determine  the  maximum 
sensitivity  which  can  be  used  for  a 
given  ultraviolet  detector  tube  hav¬ 
ing  a  background  count  of  pulses  per 
interval  t  without  exceeding  a  cer¬ 
tain  small  probability  for  accidental 
triggering.  As  an  example,  suppose 
that  we  have  a  time  constant  of  three 
seconds,  and  the  detector  tube  has  a 
background  count  of  3.3  per  second, 
or  q  =  10.  For  a  probability  of  10  * 
(which  corresponds  to  an  accidental 
trigger  event  per  interval  T/pa,.  = 
3  X  10*  seconds,  or  10  years!)  Fig¬ 
ure  6  yields  k  =  3.5.  This  means 
that  the  circuit  may  be  adjusted  to 
trigger  the  relay  circuit  when  the 
pulse  rate  reaches  3.5  times  the  back¬ 
ground. 

It  would  be  necessary  to  receive  at 
least  six  times  the  intensity  of  radia¬ 
tion  to  trigger  the  circuit  had  it  been 
designed  to  operate  in  the  same  way 
with  a  smaller  detector  having  a 
background  rate  of  only  one  per  sec¬ 
ond  (q  =  3).  Generally,  a  radiation 
detector  of  this  type  can  be  made 
more  sensitive  the  larger  the  effective 
detecting  area,  even  though  the  back¬ 
ground  rate  too  increases  propor¬ 
tionally. 

Coneiasion 

In  many  practical  applications  it 
may  not  only  be  unnecessary  but  even 
undesirable  to  design  for  such  opti¬ 
mum  sensitivity.  Even  an  insensi¬ 


tive  arrangement  in  the  sense  of  the 
discussion  regarding  background 
fluctuations,  may  mean  that  a  flame 
the  size  of  a  burning  postal  card  will 
trigger  the  relay  circuit  within  two 
seconds  at  a  distance  of  60  feet  or 
more. 

While  the  fundamental  method  and 
elements  of  the  device  have  been  de¬ 
scribed,  there  remains  a  great  deal 
to  be  said  about  simplifying  design 
and  engineering  aspects,  about  possi¬ 
ble  designs  for  the  simultaneous  use 
of  many  detectors  in  various  build¬ 
ings  or  rooms  controlling  a  central 
indicating  system,  about  monitoring 


special  parts  or  apparatus  such  as 
in  aircraft,  or  in  manufacturing 
processes.  Some  speculation  has 
been  devoted  to  the  possibility  of 
forest-fire  detection  in  inaccessive 
areas  since  it  is  possible  to  com¬ 
bine  the  detecting  tube  with  suitable 
parabolic  mirrors  of  any  area  to  in¬ 
crease  the  effective  ultraviolet  de¬ 
tecting  area. 

Thanks  are  due  Mr.  A.  G.  Nester 
for  assistance  in  constructing  the  ex¬ 
perimental  tubes  and  to  Dr.  W.F.G. 
Swann  for  making  available  the  in¬ 
strumental  facilities  of  the  Bartol 
Research  Foundation. 


FIG.  5 — Fire-detecting  trigger  circuit  which  fires  thyratron  when 
received  impulses  due  to  far  ultraviolet  radiation  cause  potential 


FIG.  4 — Spectral  sensitivity  of  copper-cathode  detector 


FIG.  6 — Relationship  of  background  pulse  rote  of  detector  and 
optimum  sensitivity 
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Measuring  and  Monitoring 


Left  to  right,  the  controlled  multivibrator  unit,  receiver  for  reception  of  WWV,  and  a  d-c 
amplifier  and  counter  for  determining  the  beat  frequency.  The  large  dial  on  the  multi¬ 
vibrator  is  the  fine  frequency  adjustment,  the  other  two  knobs  control  the  input  and 

output  signals 


This  paper  describes  a  method 
for  measuring  or  monitoring 
radio  frequencies  against  the  Bureau 
of  Standards  primary  frequency 
emissions  from  WWV  without  the 
use  of  an  intervening  standard.  The 
method  is  particularly  applicable  to 
frequencies  which  are  integral  multi¬ 
ples  of  ten  kilocycles,  such  as  stan¬ 
dard  broadcast  station  frequencies, 
and  it  offers  an  unusually  high 
degree  of  accuracy. 

Principle  of  Operation 

The  process  is  illustrated  in  the 
block  diagram  of  Fig.  1.  The  signal 
to  be  checked  is  taken  from  the 
oscillator  or  buffer  stage  in  the 
transmitter  and  is  used  to  synchro¬ 
nize  the  multivibrator.  One  of  the 
multivibrator  harmonics  is  compared 
with  one  of  the  emissions  of  WWV 
by  means  of  an  ordinary  radio  re¬ 
ceiver.  The  resulting  beat  frequency 
can  be  measured  by  any  of  several 
commonly  used  methods,  such  as  an 
electronic  frequency  meter  or  a 
counting  mechanism.*’  * 

To  determine  the  frequency  devia¬ 
tion  from  the  assigned  frequency  the 
following  analysis  is  used:  Let 
F  =  frequency  under  measurement 
Fn,  =  fundamental  frequency  of 
multivibrator 


N  —  F/F,n  =  synchronization  ratio 
F.  =  standard  frequency  emission 
used 

n  =  F./F,„  order  of  the  multi¬ 
vibrator  harmonic  used 

f  =  F,  —  vF,„  =  beat  frequency  in 
receiver 

Then  F„  =  F/N,  and  the  signal 
compared  with  F.  is  wF„,  =  (n/N)F 
Let  \F  be  the  deviation  between 
correct  (assigned)  and  actual  value 
of  F;  then  the  signal  corhpared  with 
F,  is  (n/N)  (F  —  AF),  and  the  meas¬ 
ured  beat  will  be 
/  =  (n/N)F  -  (n/N)  (F  -  AF) 

=  (n/N)  IF  or 

lF=(N/n)f  (1) 

For  example,  consider  a  broadcast 
station  with  an  assigned  frequency 
F  of  1230  kc  and  a  multivibrator 
having  a  frequency  F,„  of  10  kc  and 
synchronized  at  a  ratio  N  of  123/1. 
The  1500th  harmonic  of  the  multi¬ 
vibrator  is  then  beat  in  the  receiver 
against  the  standard  frequency 
emission  from  WWV  at  15  mega¬ 
cycles  (F,).  Suppose  the  beat 
between  the  two  latter  signals 
(F,  —  nF„.)  to  be  18  cps.  Substitut¬ 
ing  these  values  in  Eq.  1,  we  get 
AF  =  (123/1500)18  =  1.476  cps. 

The  method  offers  no  way  of  de¬ 
termining  the  sign  of  AF,  or  whether 
the  measured  frequency  is  above  or 
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below  the  assigned  frequency.  How¬ 
ever,  raising  or  lowering  the  trans¬ 
mitter  frequency  a  cycle  or  so  and 
noting  whether  the  beat  frequency 
increases  or  decreases  will  yield  this 
information. 

Equipment 

The  multivibrator  frequency  F„, 
was  chosen  at  10  kc  as  this  value 
contains  harmonic  components  which 
fall  on  all  standard  emissions  from 
WWV  as  well  as  those  of  broadcast 
stations.  While,  for  the  majority  of 
frequencies  involved  in  the  band, 
synchronization  of  the  multivibrator 
could  be  accomplished  in  two  or  more 
steps  with  reasonably  low  synchron¬ 
ization  ratios,  there  are  19  frequency 
channels  which  are  prime  multiples 
of  10  kc.  In  these  latter  cases,  syn¬ 
chronizing  the  10-kc  multivibrator 
must  be  done  in  one  step — involving 
synchronization  ratios  of  from  59/1 
to  as  high  as  149/1. 

All  the  available  information  at 
hand  indicated  a  practical  synchron¬ 
ization  ratio  limit  at  about  50/1. 
Therefore  the  first  problem  was  to 
investigate  the  possibility  of  prac¬ 
tical  synchronization  at  ratios  of  at 
least  as  high  as  150/1.  To  accomplish 
this,  the  natural  unsynchronized 
frequency  of  the  multivibrator  had 
to  possess  a  high  degree  of  inherent 
frequency  stability  and  it  also  had 
to  be  isolated  from  any  reactions  due 
to  adjustments  or  variations  in  the 
input  synchronizing  circuit  and  the 
output  circuit. 

The  first  problem  was  solved  by 
using  high-quality  resistors  of  ample 
rating  and  an  extremely  stable  volt¬ 
age  regulator.  The  regulator  used 
was  adapted  from  that  developed  by 
Bousquet*,  and  produced  an  unusu¬ 
ally  high  degree  of  regulation  of  the 
d-c  output  voltage. 

Pentode  tubes  in  the  input  and 
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Broadcast  Fr  equencies 

The  beat  note  between  the  harmonic  of  a  multivibrator  synchronized  with  the  station  fre¬ 
quency  and  a  signal  from  WWV  is  measured  by  means  of  a  counter  or  frequency  meter 


r 


output  circuits  provided  ample  isola¬ 
tion  when  their  operating  voltages 
were  also  regulated.  Gain  of  these 
stages  could  not  be  controlled  by  any 
variation  of  the  operating  voltages 
such  as  would  result  from  a  conven¬ 
tional  cathode-bias  control. 

To  obtain  sufficient  output  on  high 
harmonics,  it  was  necessary  to  tune 
the  plate  circuit  of  the  output  ampli¬ 
fier  over  the  range  from  5  to  15  me. 
Below  5  me,  the  circuit  is  untuned 
as  shown  in  the  circuit  of  Fig.  2. 

Synchronization  of  the  unit  at  a 
particular  ratio  is  achieved  with 
various  combinations  of  natural  un¬ 
controlled  multivibrator  frequency 
and  synchronizing  voltage  amplitude. 


FIG.  1 — Functional  block  diagram  of  the 
monitoring  system 


The  combination  resulting  in  the 
greatest  stability  is  found  by  noting 
when  the  adjustment  on  the  multi¬ 
vibrator  frequency  can  be  shifted 
the  greatest  amount  without  the  loss 
of  synchronism.  As  a  typical  ex¬ 
ample,  this  resulted  with  a  natural 
multivibrator  frequency  of  approxi¬ 
mately  9.5  kc  when  synchronized  to 
10  kc  using  a  100/1  ratio. 

No  attempt  was  made  to  find  a 
limit  of  synchronization  ratio,  but 
the  unit  constructed  has  been  syn¬ 
chronized  with  complete  stability 
at  ratios  as  high  as  200/1. 


The  unit  was  installed  experi¬ 
mentally  at  a  local  broadcast  station 
(KVNU,  1230  kc)  for  a  thorough 
test  under  operating  conditions.  The 
input  synchronizing  voltage  was  ob¬ 
tained  by  bridging  the  low-imped¬ 
ance  transmission  line  to  the  station 
frequency  monitor  from  the  crystal 
oscillator  stage  of  the  transmitter. 
The  output  of  the  multivibrator  was 
connected  to  the  antenna  terminal  of 
an  all-wave  receiver.  A  short  hori¬ 
zontal  antenna  outside  the  trans¬ 
mitter  building  was  used  to  pick  up 
WWV  and  other  signals. 

Performance 

After  the  multivibrator  unit  had 
become  reasonably  stabilized  as  to 
temperature,  no  further  adjustments 
were  necessary  over  a  period  of  sev¬ 
eral  days.  During  daylight  hours, 
the  10  and  15-mc  signals  from  WWV 
were  used  to  check  the  operation  of 
the  unit.  At  night,  the  5  and  2.5-mc 
signals  were  used.  Other  broadcast 
stations  were  also  used  as  check  fre¬ 
quencies  both  day  and  night.  For  a 
strong  beat  frequency  in  the  re¬ 


ceiver,  a  reasonable  relationship 
between  the  strength  of  the  received 
radio  signal  and  the  harmonic  of  the 
multivibrator  is  maintained  by  ad¬ 
justment  of  the  output  control  of  the 
multivibrator  unit. 

In  the  modern  broadcast  station, 
the  frequency  control  of  the  trans¬ 
mitter  and  the  usual  frequency 
monitor  are  of  the  same  order  of 
stability  and  should  a  large  fre¬ 
quency  deviation  be  indicated  by  the 
monitor,  there  may  exist  a  reasonable 
doubt  as  to  which  is  in  error.  In 
such  cases,  the  immediate  determina¬ 
tion  of  the  true  transmitter  fre¬ 
quency  is  of  considerable  value.  For 
this  particular  application,  an  audi¬ 
ble  check  of  the  beat  frequency  in 
the  receiver  would  suffice  for  check¬ 
ing  and  for  resetting  the  transmitter 
to  assigned  frequency. 
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CRYSTAL  RECTIFIERS 


Recent  developments  in  the  manufacture  of  germanium  and  silicon  crystals  have  provided 
a  new,  efficient  rectifying  device,  necessary  for  radar  and  of  increasing  usefulness  in  commer¬ 
cial  microwave  applications 


The  demands  of  microwave  radar 
necessitated  the  development  of 
more  than  thirteen  different  types  of 
crystal  rectifiers  which  were  pro¬ 
duced  by  the  million.  Basic  improve¬ 
ments  in  stability  and  performance 
may  enable  the  crystal  to  displace 
the  diode  tube  in  many  applications, 
particularly  because  of  its  effective¬ 
ness  at  high  frequencies.  Even  at 
low  frequencies,  certain  kinds  of 
crystals  may  prove  more  stable,  have 
less  weight  and  take  up  less  space 
than  a  diode  and  filament  trans¬ 
former. 

What  a  Crystal  Rectifier  is 

A  modern  crystal  rectifier  consists 
of  a  small-area  contact  between  a 
metal  like  tungsten  and  a  suitable 
semiconductor  such  as  galena,  ger¬ 
manium,  or  silicon.  Many  names 
have  been  used  to  describe  these 
rectifiers,  such  as  silicon-crystal 
rectifier,  dry-point  contact  rectifier, 
barrier-layer  rectifier,  point-contact 
semiconductor  rectifier,  converter 
crystal,  mixer  crystal,  video  crystal, 
and  detector  crystal.  These  differ 
from  copper-oxide  and  selenium  rec¬ 
tifiers  in  having  a  small  contact  area 
and  usually  a  smaller  power-handling 
capacity.  On  the  other  hand,  their 
reduced  capacitance  makes  them  very 
useful  at  high  frequencies. 

A  typical  crystal  rectifier  is  shown 


This  work  was  done  in  part  under  contract 
OBMsr-SSS  between  the  Trustees  of  the  Uni¬ 
versity  of  Pennsylvania  and  the  OflQce  of 
Scientific  Research  and  Development,  which 
assumes  no  responsibility  for  the  accuracy 
of  the  statements  contained  herein. 
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Fig.  1 — Croas-section  oi  a  typical  cryatal 
rectifier.  The  dimenaiona  are  approximate 


diagrammatically  in  Fig.  1.  The  ce¬ 
ramic  cartridge  with  brass  ends 
holds  the  whisker  and  semiconductor 
in  stable  contact.  The  pointed 
whisker  is  soldered  into  the  pin  end 
and  the  semiconductor,  soldered  on 
the  end  of  a  stub,  is  pushed  in  from 
the  other  end  till  the  contact  is  made. 
The  whisker  spring  is  compressed 
slightly  and  the  stub  locked  by  a  set 
screw.  The  cavity  is  then  filled  with 
wax  to  make  the  contact  moisture- 
proof. 

Semiconductor  Properties 

Although  the  contact  area  is  crit¬ 


ical,  probably  the  most  important 
part  of  the  rectifier  is  the  semicon¬ 
ductor.  Semiconductors  are  materials 
having  a  high  electrical  resistance, 
between  that  of  metals  and  insulat¬ 
ors,  usually  with  a  temperature  co¬ 
efficient  of  resistance  different  from 
that  of  metals.  Semiconductors  are 
much  more  sensitive  to  small 
amounts  of  impurities  or  imperfec¬ 
tions  in  the  crystal  lattice  than 
metals. 

The  addition  of  a  fraction  of  a 
percent  of  certain  other  elements 
will  lower  the  resistance  of  some 
semiconductors  to  that  of  poor 
metals.  In  this  condition,  good  recti¬ 
fication  can  often  be  obtained  by 
making  small-area  contact  to  the 
surface  of  the  semiconductor  with  a 
suitable  metal.  It  is  thought  that  the 
difference  in  work  function  between 
the  metal  and  semiconductor  pro¬ 
duces  a  potential  barrier  to  the  flow 
of  electrons.  This  barrier  drops 
slowly  on  the  semiconductor  side 
owing  to  the  space  charge  effect  of 
the  unneutralized  impurity  ions 
present  in  the  semiconductor,  and 
practically  stops  the  flow  of  electrons 
from  the  metal  to  the  semiconductor 
under  any  conditions.  However,  the 
electrons  can  flow  from  the  semi¬ 
conductor  if  the  electronic  potential 
of  the  semiconductor  is  raised 
enough  to  allow  the  electrons  to  pass 
over  the  barrier.  This  also  requires 
that  appreciable  voltage  drop  occur 
at  the  semiconductor  contact,  which 
is  achieved  by  making  the  contact 
area  small  and  producing  a  spread¬ 
ing  resistance  in  the  semiconductor. 
Consequently,  the  barrier  will  allow 
current  to  pass  in  one  direction  and 
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not  in  the  other,  as  shown  in  Fig.  2. 
Similar  effects  occur  at  the  back  sur¬ 
face  of  the  silicon.  For  good  rectifi¬ 
cation,  the  contact  area  at  the  back 
surface  must  be  large  in  order  to 
eliminate  any  spreading  resistance 
over  which  a  potential  drop  can 
occur.  This  approximate  description 
of  the  rectifying  action  indicates 
that  a  major  part  of  the  art  of  crys¬ 
tal  rectifier  production  lies  in  the 
preparation  of  the  semiconductor 
and  its  surface.  Two  typical  curves 
of  the  current-voltage  characteristic 
at  low  frequency  for  a  properly  pre¬ 
pared  crystal  are  shown  in  Fig.  3. 


microwave  radar  imperative  is  the 
small  area  of  the  region  where  recti¬ 
fication  occurs.  Very  probably  this 
region  is  smaller  than  lO  *  cm  in 
thickness.  Consequently,  the  time 
for  electrons  to  cross  this  film  will  be 
small  enough  to  eliminate  transit¬ 
time  effects,  even  at  microwave  fre¬ 
quencies.  Furthermore,  since  these 
crystals  have  small  capacitance  in 
the  contact,  their  rectifying  proper¬ 
ties  are  little  affected  by  frequencies 
up  to  several  megacycles. 

So  far  there  have  been  three  main 
uses  for  crystal  rectifiers — as  de¬ 
tectors  of  microwaves,  as  mixers  or 
converters  of  microwaves,  and  as 
higher-voltage  low-frequency  diodes. 
This  classification  is  not  profound, 
but  serves  to  illustrate  the  different 
electrical  characteristics  required  of 
Table  I— Composition  oi  Crystal  RectUiers  the  crystal  types  developed  for  these 
I  -  '  I  purposes. 

As  a  detector,  the  crystal  is  con¬ 
nected  between  the  receiving  antenna 
and  ground  across  the  input  to  the 
video  amplifier.  Used  in  this  fashion, 
microwave  powers  of  the  order  of 
10  *  watt  picked  up  by  the  antenna 
can  be  detected.  When  smaller 
amounts  of  power  are  to  be  received, 
a  local  oscillator,  usually  producing 
0.7  volt  at  30  or  60  me  from  the 
signal,  is  connected  to  the  crystal. 
Then  the  two  signals  are  mixed  by 
the  crystal  and  the  converted  inter¬ 
mediate  frequency  fed  into  the  i-f 
amplifier.  Used  in  this  fashion, 
microwave  signals  as  small  as  10*^® 
watt  can  often  be  detected. 

Crystals  are  also  used  at  frequen- 
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Fig.  2 — Schematic  diagram  showing  con¬ 
tact  between  metal  and  germanium  semi¬ 
conductor.  In  A.  no  Toltage  is  applied, 
and  hence  the  two  electron  flows  are  just 
equal.  At  B.  the  semiconductor  has  been 
made  positiTe.  lowering  its  electronic  po¬ 
tential  and  decreasing  electron  current 
from  the  semiconductor,  so  that  a  slight  net 
current  flows.  The  semiconductor  has  been 
made  negotlTe  at  C.  raising  its  electronic 
potential  and  increasing  current  from  the 
semiconductor 
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Uses  for  Crystal  Rectifiers 

The  primary  attribute  of  the  crys¬ 
tal  rectifier  which  makes  its  use  for 


CRYSTAL  Ntt? 
Rs-83  OHMS 


Impurities  adds  I 


IMPRESSED  POTENTIAL  ACROSS  WSTAL  IN  VOLTS 


Bulk 

mat4>rial 


HiRh- 

frwiueiiry 

mixer 

crystals 


Ix)w- 

frequency 

rectifiers 


Fig.  3 — Current-Toltage  curres  for  two  dif' 
ferent  crystals 


Silicon 


Aluminum 


Aluminum 


Boron 


cies  lower  than  those  corresponding 
to  microwaves.  As  a  second  detector, 
the  crystal  converts  the  intermediate 
frequency  of  30  me  into  d-c.  This 
service  requires  crystals  which  will 
stand  higher  voltages  than  the  nor¬ 
mal  limit  of  1  or  2  volts.  Other  low- 
frequency  uses  include  d-c  restorers 
and  voltmeter  rectifiers. 


ricmiannilB 

aLso 

Mo  Ta 
Zr  Co 


Germanium 


Antimony 


Galena 


None 

known 


Unknown 


Unknown 


Preparotion  of  Crystals 

Most  present-day  crystals  are 


Iron  py;it«!S 


None 

known 


Unknown 


Unknown 
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included  angle.  The  whisker  and 
silicon  are  then  assembled  in  the 
cartridge.  The  set  screw  is  tightened 
somewhat  and  the  stub  pushed  in  till 
the  whisker  makes  contact  with  the 
semiconductor  surface.  This  position 
is  detected  by  continuously  measur¬ 
ing  the  resistance  between  the  ends 
of  the  crystal  or  watching  the  cur¬ 
rent-voltage  curve  on  an  oscilloscope. 
The  stub  is  pushed  in  about  a  mil 
farther  to  compress  the  crimped 
wire  and  make  firm  contact.  The 
cartridge  is  usually  tapped  to  stabil¬ 
ize  the  contact.  Then  the  cavity  in 
the  ceramic  body  is  vacuum  impreg¬ 
nated  at  elevated  temperature  with  a 
mixture  such  as  opal  wax  and  para- 
tac.  Sometimes  the  hole  is  plugged 
up  with  alundum  cement.  The  crystal 
cartridge  is  tested,  labeled,  and  then 
packed  in  a  metallic  shield  to  protect 
it  from  picking  up  electric  charges 
which  might  injure  it.  Care  must 
always  be  taken  in  handling  a  crystal 
to  avoid  any  appreciable  discharge 
through  it. 


E  IN  VOLTS 


Fig.  6 — The  typical  d-c  characteristic  curve 
of  a  high-back-voltage  silicon  crystal 


Fig.  4 — The  experimentally  observed  cur- 
rent-voltoge  curve  at  A  agrees  reasonably 
well  with  the  curve  deduced  from  front 
and  back  resistance  constant  at  B  and  that 
from  diode  theory  at  C 


germanium 

CRYSTAL 


j  SILICON  AND 

I  Cg>?MANIUM 


'  Q5  PERCENT 
crystal  .  - 


0  .  -^25  so  7S  100,  125  ISO 

:  A,  BASE  TPtPEftATUftt  IM  0£6  C 


Fig.  7 — A  comparison  of  peak  back  volt¬ 
age  as  a  function  of  base  temperature  for 
two  crystals  of  different  composition 
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Electrical  Characteristics 


SILICON  AND  Q5  PERCENT 
—  GERMANIUM  CRYSTAL ^ 


In  describing  the  electrical  char¬ 
acteristics  of  crystals  we  shall  refer 
mainly  to  rectifiers  made  from  sili¬ 
con  doped  with  aluminum  and/or 
boron  and  prepared  as  described 
above.  Other  techniques  and  mate¬ 
rials  can  be  used,  but  most  crystals 
are  at  present  made  in  this  fashion. 

The  d-c  rectification  curve  in  Fig. 
3  shows  that  the  difference  between 
the  resistance  in  the  front  and  back 
direction  is  a  measure  of  ability  to 
rectify,  and  the  back-to-front  ratio 
was  an  early  criterion  of  a  good 
rectifier.  The  ratio  of  back  resistance 
at  1  V  to  the  front  resistance  at  0.3  v 
is  greater  than  ten  to  one  for  a  good 
crystal.  The  rectification  curve  can 
be  well  approximated  by  a  simple 
formula  with  two  constants: 


0  »  15  20  25  50  35  40  45 

0-C  BACK  POTENTIAL  IN  VOLTS 


Fig.  5 — Variation  of  resistance  (A)  and 
sensitivity  (B)  of  a  representative  crystal 
with  temperature 


Fig.  8 — D-c  back  voltage  characteristic 
curves  at  different  temperatures  for  the 
silicon  crystol  shown  in  Fig.  7 


made  from  silicon  which  is  initially  the  slab  is  next  electroplated  with 
prepared  in  a  very  pure  form  by  nickel.  The  slab  is  broken  or  sawed 
crystallization  at  a  high  temperature  into  small  pieces  about  2  mm  square, 
from  silicon  tetrachloride.  The  re-  These  small  pieces  are  then  soldered 
suiting  needles  are  melted  in  a  quartz  onto  the  brass  stub  (see  Fig.  1), 
crucible  in  a  good  vacuum  (10'^  mm  trimmed,  and  the  oxide  washed  off 
Hg)  at  about  1,500  C  with  a  small  the  polished  surface  with  hydro¬ 
amount  of  the  desired  impurity  fluoric  acid.  The  semiconductor  is 
added  to  the  melt,  as  indicated  in  then  ready  for  assembly. 

Table  I.  After  slowly  cooling  from 
the  bottom  the  melt  is  cracked  loose 
from  the  crucible  and  sawed  into 
slabs  about  1  mm  thick.  Both  sides 
of  the  slab  are  rough-ground  flat. 

One  side  is  finished  with  fine  carbo¬ 
rundum  and  then  polished  with  No. 

000  emery  paper  to  a  mirror-like 
surface.  The  slab  is  then  heated  to 
about  1,050  C  in  air  for  several 
hours  until  a  blue  color  appears,  in¬ 
dicating  the  formation  of  a  thin 
oxide  layer.  The  unpolished  side  of 


Tungstan  Catwhlsker 

The  whisker  is  usually  made  from 
pure  annealed  tungsten  wire  of  di¬ 
ameters  up  to  10  mils.  The  desired  where  i  is  the  instantaneous  current 
lengths  are  plated  at  one  end  with  and  V  the  instantaneous  voltage 
gold  or  other  material  suitable  for  across  the  contact,  U  and  a  being 
soldering.  The  wire  is  next  soldered  constants.  The  value  of  a  varies 
into  the  pin  and  formed  in  the  cor-  from  2  to  20  volts'^  in  ordinary  crys- 
rect  shape  by  a  crimper.  The  point  is  tals  although  it  has  been  observed 
sharpened  by  electrolytic  polishing  larger;  U  is  of  the  order  of  milli- 
or  by  grinding  on  an  Arkansas  stone  amperes,  but  varies  from  crystal  to 
to  a  smooth  cone  of  about  60  deg  crystal. 


■ 

1 

■1 

■ 

■ 
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Figure  4  shows  typical  approxi¬ 
mations  compared  to  a  typical  ob¬ 
served  current-voltage  curve.  At  low 
frequencies  the  rectification  depends 
primarily  on  a.  Actually,  for  appre¬ 
ciable  current  carried  in  the  forward 
direction  the  applied  voltage  does 
not  all  appear  across  the  contact.  A 
voltage  drop  occurs  across  the 
spreading  resistance  owing  to  the 
small  size  of  the  contact  to  the  semi¬ 
conductor  (this  is  evident  from  Fig. 
3),  and  the  fact  that  the  semicon¬ 
ductors  do  not  have  as  high  a  con¬ 
ductivity  as  metals.  This  spreading 
resistance  R.^  varies  from  5  to  100 
ohms  depending  on  the  diameter  of 
the  whisker  and'  consequently,  neces¬ 
sitates  a  correction  (V\ppii.d—  iR<) 
to  the  voltage  across  the  contact. 
The  slope  of  the  current-voltage 
curve  at  zero  bias  is  the  low-level  or 
video  resistance  and  varies  from 
several  thousand  to  fifty  thousand 
ohms. 

Temperature  Variations 

These  resistances  vary  appreciably 
with  temperature.  In  fact,  the  low- 
level  or  zero-bias  resistance  varies 
exponentially  with  the  reciprocal  of 
the  temperature.  This  variation  is 
essentially  the  same  as  that  of  a 
thermistor.  This  is  because  of  the 
change  with  temperature  of  h  which 
can  be  expressed  as  "  where  <f> 
is  an  effective  barrier  height  in  elec¬ 
tron  volts  and  kT  is  the  thermal 
energy  in  electron  volts.  (At  room 
temperature  kT  is  1  40  e-v).  The 
value  of  </)  is  usually  between  0.1  and 
0.4  e-v  and  k  =  8.6  x  10'*  e-v  per 
degree  Kelvin. 

The  curve  in  Fig.  5 A  shows  the 
calculated  variation  of  the  low-level 
or  zero-bias  resistance  with  tempera¬ 
ture  of  a  typical  crystal.  The  only 
practical  way  found  so  far  to  reduce 
this  variation  is  to  control  the  crys¬ 
tal  temperature.  A  reduction  in 
which  will  reduce  the  temperature 
coefficient  of  resistance  also  de¬ 
creases  the  sensitivity  of  the  crystal 
as  a  detector. 

The  front  and  back  resistances 
and  spreading  resistance  do  not  vary 
as  rapidly  with  temperature  as  the 
low-level  resistance.  Typical  varia¬ 
tions  of  front  and  back  resistance 


are  -f20  percent  at  —  20  C  and  —40 
percent  at  +70  C  from  the  room 
temperature  value  22  C. 

Square-law  rectification  is  to  be 
expected  of  any  rectifier  as  long  as 
the  voltage  swing  is  limited  to  the 
region  where  departure  from  linear¬ 
ity  of  the  characteristic  curve  is 
small.  Most  crystals  show  square- 
law  rectification  up  to  powers  of  the 
order  of  several  microwatts  or  volt¬ 
ages  of  the  order  of  0.1  v.  Below 
this  level,  the  short-circuit  rectified 
current  is  directly  proportional 
to  the  input  a-c  power,  in  the  rela¬ 
tion  : 

rr  SP.., 

where  S  (Fig.  5B)  is  the  sensitivity. 
This  low-frequency  sensitivity  is 


Fiq.  9 — Rectified  d-c  from  a  hiqh-back-Tolt- 
age  silicon  crystal  as  a  function  of  input 
Toltage  as  affected  by  frequency  (A)  and 
temperature  (B) 


Fig.  10 — Lumped  parameter  circuit  to  ap¬ 
proximate  crystal  contact.  Rg  and  C  ore 
resistance  and  capacitance  of  the  contoct 
and  Rs  is  the  spreading  resistance  in  the 
semiconductor  coused  by  small  area  of 
contact 


greater  than  2  for  good  crystals. 
Actually,  at  low  frequencies,  S  should 
be  one-half  of  a. 

As  the  power  level  is  increased 
above  microwatts,  the  rectified  cur¬ 
rent  becomes  more  nearly  propor¬ 
tional  to  the  square  root  of  the  input 
power.  If  the  load  resistance  is  not 
small,  the  crystal  will  bias  itself  and 
reduce  the  rectification.  As  rectified 
currents  of  milliamperes  are  reached, 
the  voltages  increase  to  the  order  of 
whole  volts  and  the  resistance  in  the 
back  direction  may  start  decreasing. 
This  puts  a  limit  on  the  amount  of 
input  power  which  can  be  used  with¬ 
out  saturation  of  rectification.  Fur¬ 
ther  increase  of  voltage  may  damage 
the  crystal.  In  fact,  voltages  of  the 
order  of  4  v  or  rectified  currents  of 
greater  than  30  ma  will  damage  the 
more  sensitive  types  of  crystals. 

High-Back-Voltage  Crystals 

When  certain  impurities  are 
added,  both  germanium  and  silicon 
have  been  found  to  withstand  large 
voltages  in  the  back  direction.  A 
typical  curve  is  shown  in  Fig.  6.  In 
general,  hbv  germanium  gives  much 
better  back-to-front  ratios  than  have 
been  found  so  far  with  hbv  silicon. 
Consequently,  most  high  back  volt¬ 
age  crystals  are  at  present  made 
from  germanium.  Silicon,  on  the 
other  hand,  shows  promise  for  tem¬ 
perature-insensitive  and  frequency- 
insensitive  high-back-voltage  crys¬ 
tals.  Silicon  has  much  better  rectify¬ 
ing  properties  at  microwaves  and 
less  variation  of  back  resistance  and 
peak  back  voltage  with  temperature 
than  most  hbv  germanium.  A  t>T)ical 
variation  of  peak  back  voltage  with 
temi)erature  is  sho\\*n  in  Fig.  7.  The 
variation  of  back  current  with  tem- 
pyerature  is  shown  in  Fig.  8. 

These  hbv  crystals  are  in  many 
cases  better  for  rectifiers  than  diodes 
such  as  the  type  6H6.  For  several 
volts  of  60-cps  input,  hbv  crystals 
give  more  rectified  current  than  a 
6H6  with  both  plates  in  parallel.  The 
change  in  rectified  current  as  the 
frequency  is  increased  to  30  me  is 
shown  in  Fig.  9A.  The  variation  of 
rectified  current  with  temperature  is 
shown  in  Fig.  9B.  (Jermanium  hbv 
crystals  still  in  development  have 
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MS 


Table  II.  CrTstal  Characteristics 


better  low-level  rectification  and  give 
larger  currents  in  the  forward  direc¬ 
tion. 


Mixer  Crvslals 


High 

burnout 


Most 

sensitive 


More 

sensitive 


Medium 

sensitivity 


Least 

sensitive 


By  careful  control  of  manufacture, 
the  noise  generated  by  crystals  has 
been  greatly  reduced.  In  many  cases, 
the  i-f  noise  observed  from  a  crystal 
used  as  a  mixer  is  no  more  than 
that  experienced  from  a  resistance 
of  equivalent  magnitude.  However, 
crystals  often  give  more  noise  than 
would  be  expected  from  thermal  agi¬ 
tation  and  shot  effect.  This  has  been 
designated  extra  noise,  and  is  ob¬ 
served  when  either  d-c  or  r-f  voltage 
is  imposed  on  the  crystal. 

The  spectrum  of  this  extra  noise 
is  not  uniform  in  the  manner  of 
thermal  agitation.  Much  more  low- 
frequency  noise  is  observed  than  that 
at  high  frequencies,  varying  in¬ 
versely  with  frequency  from  50  cps 
to  1  me,  when  it  tapers  off  and  ap¬ 
proaches  thermal  agitation  noise. 
Consequently,  at  an  i-f  of  30  me  the 
noise  is  not  bothersome,  whereas  for 
i-f  values  in  the  audio  range  the 
extra  noise  from  the  crystal  is  very 
large. 


1N21C 


1N21B 


1N21A 


1N21 
(obsolete) 
Less  than 

8.5  db 
Less  than 

ix 

I.iess  than 

15.5  db 


1N23B* 
Less  than 
6_5  db 
Less  than 
2.7  X 
Less  than 
12.2  db 
0.3  erg 


1N23A 
Less  than 
8db 

Less  than 

2.7  X 
I>esS  than 

13.7  db 
1 . 0  erg 


1N23 
Less  than 
10  db 
I^ess  than 
3  X 

[.ess  than 
16.0  db 
0 . 3  erg 


L:  loss 

t\  noise  temperature 
Bp‘.  burnout  proof  test 
Bd'  burnout  design  test 
NFt'  noise  figure  of  receiver 
(3  db  receiver) 

*  Army-Navy  preferred  list 
A  and  B  crystals  are  physically  inter¬ 
changeable 


1N26* 

coax-shielded 

cartridge 


1N24 

(obsolete) 


High-Freqiieiicy  Operation 

At  high  frequencies,  the  capaci¬ 
tance  across  the  blocking  layer  (bar¬ 
rier)  becomes  important  because  it 
can  bypass  the  barrier  if  its  impe¬ 
dance  becomes  less  than  the  resist¬ 
ance  of  the  barrier,  as  indicated  in 
Fig.  10.  This  happens  first  in  the 
back  direction  and  reduces  the  back- 
to-front  ratio.  The  high-level  recti¬ 
fication  efficiency  is  then  measured 


High-Back-Voltage  Crystals 

Second  detector  crystal  d-c  restorer  (r-f)  crystal  | 
pigtail  cartridge  ^  pigtail  cartridge  | 

W.  E.  D171561 


d-c  restorer  crystal 


pigtail  cartridge 


W.  E.  D17161 


iQpOO, 


SEC  LINE 
54 VON  PULSE 


NON  INDUCTIVE  RESISTORS 


CRYSTAL 


Fig.  11 — Rectification  efficiency  (back-to- 
front  resistance  ratio)  of  two  different 
crystals  as  a  function  of  wavelength.  The 
lower  curve  shows  the  effect  of  larger 
contact  capacitance 


doo-yxnpps 


Fig.  12 — The  d-<  pulser  circuit  used  in  the  burnout  tester 
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According  to  Wavelength  Used 


efficiency  might  be  expected  to  vary 
roughly  as  1/ (1  +  i^gcoC),  low-level 
sensitivity  should  drop  as 

1  /  ( 1  “|-  a>*C* R  nRa^  • 

Actually,  in  many  cases,  crystal  per¬ 
formance  does  not  decrease  as  fast 
as  expected  with  frequency. 


High- Back-Voltage  Crystals 


Ej  more  than  13  mv 


El  more  than  15  mv 


El  more  than  5  v 


R  B  more  than  0 . 1  m^ 
(-  1  V) 

V  B  more  than  50  v 
R»  more  than  2,000 
ohms 


Ea  more  than  0 . 10  v 

El  more  than  15  mv 
V B  more  than  50  v 


Rb  more  than  0.06  meg 
(-  50  v) 

More  than  0 . 25  meg  ( —  5  v) 
If  more  than  5  ma  (-f  1  v) 
Rwa  more  than  2,000  ohms 


Stabilify 

The  stability  of  present-day  crys¬ 
tals  is  well  displayed  by  the  mechan¬ 
ical,  electrical,  and  exposure  tests 
which  production  samples  are  re¬ 
quired  to  stand. 

The  mechanical  design  test  in¬ 
volves  dropping  the  crystal  three 
times  from  a  height  of  30  in.  onto  a 
wood  block,  twisting  the  crystal  ends 
with  a  torque  of  1.5  in.-lb  so  as  to 
unscrew  the  parts,  and  applying  a 
force  of  one  pound  to  the  tip  of  the 
crystal  at  right  angles  to  the  axis  of 
the  crystal  while  the  head  is  clamped. 
A  crystal  must  withstand  immersion 
in  warm  w’ater  for  fifteen  minutes, 
in  room-temperature  water  for  fif¬ 
teen  minutes,  and  several  cycles  of 
heating  and  cooling  between  TOC  and 
—40  C.  The  electrical  burnout  tests 
are  described  below.  After  being  sub¬ 
jected  to  all  of  these  tests  the 
performance  of  80  percent  of  the 


Video  Crvstals 


Medium  high 
burnout 


1N33 

Greater  than  30  but 
less  than  140 
2,000  to  10,000  ohms 
2 . 5  w  d-c 


.1/:  figure  of  merit 
Rd-e’  d-c  resistance  at 
4-  5  mv 


Crystal  diode  pigtail  cartridge 


d-c  output  voltage  with 
2 1 . 7  V  peak  30-mc  input 
a-c  output  voltage  with 
21.7  V  peak  30-mc  modu¬ 
lated  0.92  V  peak  as  input 
d-c  output  voltage  with 
0.5  V  peak  30-mc  input 
d-c  voltage  at  the  output 
with  30  V  rms  60-cps  input; 
(the  capacitor  is  omitted 
and  the  load  resistam*e  is 
500  instead  of  1,000  ohms) 
peak  back  voltage  the  crys¬ 
tal  is  required  to  stand 
static  d-c  resistance  at  the 
liack  voltage  indicated 
impedance  at  30  me 
d-c  in  the  forward  direction 
at  the  voltage  indicated 


Instniment  Rectifier 


CRYSTAL 


1N22 

Sylvania  W.  E. 

Rb  more  than  2,000  ohms  L  less  than  10  db 
Rf  less  than  60  ohms  /  less  than  6  x 
ho  more  than  0.45  ma  ht  more  than  0.4  ma 
h  more  than  0 . 4  ma 

0.3  erg  Bp  0.3  erg 


1,000  *  5f:iO/y»F  OUTPUT 


INPUT 


Fiq.  13 — Circuit  used  for  measuring  second 
detector  characteristics 


by  the  ratio  of  the  back  resistance 
(shunted  by  the  capacitance)  to  the 
front  resistance.  This  begins  to  de¬ 
crease  when  l/u>C  becomes  less  than 
Rb.  The  value  of  C  has  been  meas¬ 
ured  at  about  0.2  fxfxi  so  that  l/wC 
becomes  less  than  1,000  ohms  at  a 
frequency  of  1,000  me. 

Figure  11  shows  the  decrease  in 
rectification  efficiency  with  decrease 
of  wavelength  (increase  in  fre¬ 
quency)  for  two  early  crystals.  The 
crystal  with  the  larger  capacitance 
shows  a  faster  drop  in  rectification 
efficiency.  Newer  crystals  have  better 


rectification  efficiencies  than  are 
showm  in  these  examples. 

A  corresponding  decrease  in  effi¬ 
ciency  occurs  in  mixer  performance 
and  low-level  detection.  In  general, 
the  lower  the  contact  capacitance, 
the  better  the  high-frequency  per¬ 
formance.  Consequently,  except  for 
problems  of  r-f  and  i-f  match,  a 
crystal  good  at  high  frequency  is 
also  good  at  lower  frequencies. 

Low-level  sensitivity  drops  even 
faster  with  increasing  frequency 
than  mixer  performance  or  rectifica¬ 
tion  efficiency.  Whereas  rectification 


samples  is  required  to  be  writhin 
specified  limits,  but  90  percent  of 
the  samples  must  be  within  the  limits 
after  any  single  design  test. 

There  are  two  types  of  burnout 
tests  intended  only  to  indicate  rough 
differences  in  ability  to  withstand 
overloading  and  to  ensure  production 
quality.  The  first  consists  in  dis¬ 
charging  a  charged  concentric  line 
through  the  crystal.  By  this  means, 
a  pulse  of  approximately  three  micro¬ 
seconds  width  is  sent  through  the 
crystal.  This  time  is  determined  by 
the  length  of  the  line  and  is  chosen  to 
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1 

1N29 

Lio  less  than  8.0  db 
Rd-e  greater  than 
6,500  ohms 
at  40  mv 

M 

1N27 

Greater  than  60 

1N32* 

Greater  than  100 

Rd.t 

Bd 

0  to  4,000  ohms 

5,000  to  20,000  ohms 
0 . 3  w  d-c 

M 

Rd.c 

1N30 

Greater  than  55 

I  7 ,000  to  21 ,000  ohms 

1N31* 

(Ik>ax-shielded 

cartridge 

Greater  than  55 

6 , 000  to  23 , 000  ohms 
0.02  w  d-c  1 

be  shorter  than  the  time  constant  for 
heat  dissipation  of  the  crystal  con¬ 
tact.  The  energy  contained  in  this 
pulse  is  determined  by  the  capaci¬ 
tance  of  the  line  and  the  voltage  to 
which  it  is  charged.  If  the  voltage 
is  very  high,  some  dissipation  of  the 
pulse  energy  seems  to  be  experienced 
when  the  contact  is  made  for  the  dis¬ 
charge  which  simulates  the  spike 
which  gets  through  the  transmit- 
receive  gas  tube  before  it  breaks 
down  to  protect  the  crystal  from  the 
transmitted  radar  pulse. 

Another  method  of  testing  crystals 
for  burnout  consists  in  exposing  the 
crystal  to  a  d-c  pulse  of  about  one- 
microsecond  width,  obtained  by  dis¬ 
charging  an  artificial  line  through  a 
thyratron  into  the  crystal.  A  circuit 
for  accomplishing  this  is  shown  in 
Fig.  12.  Only  a  rough  correlation  ex¬ 
ists  between  these  methods  of  testing 
crystals  for  burnout  because  multiple 
pulses  have  more  effect  than  single 
pulses  and  the  method  is  less  erratic. 
The  match  of  the  crystal  to  the  puls¬ 
ing  circuit  is  important  for  reliable 
testing  and  in  actual  radar  practice 
additional  protection  can  often  be 
afforded  by  r-f  mismatch  in  the 
holder  to  overload  pulses.  Design 
tests  which  are  given  to  samples  of 
production  crystals  are  also  usually 
more  stringent  than  the  proof  tests 
which  are  applied  to  every  crystal 
produced. 


Crystal  Types 

Table  II  shows  the  present  crystal 
types  grouped  in  horizontal  rows  ac¬ 
cording  to  the  wavelength  band  for 
which  they  are  recommended.  The 
grouping  in  vertical  columns  is  ac¬ 
cording  to  use,  sensitivity,  and  burn¬ 
out.  Mixer  crystals  are  for  use  with 
local  oscillators,  whereas  video  crys¬ 
tals  are  for  detector  use.  Table  III 
gives  test  specifications. 

The  characteristics  listed  in  the 
tables  are  further  defined  below.  L 
is  the  loss  in  db  of  the  crystal  used 
as  mixer. 

L  =  10  loQio  I  where  I  is  the  ratio 
of  r-f  signal  power  input  to  i-f  power 
output.  A  perfect  diode  might  be  ex¬ 
pected  to  have  an  efficiency  of  50  per¬ 


cent  (f  =  2)  or  L  =  3  db. 

The  noise  temperature  t  of  the 
crystal  is  the  ratio  of  the  average  of 
the  square  of  the  noise  voltage  pro¬ 
duced  by  the  crystal  to  the  thermal 
agitation  or  Johnson  noise  voltage 
squared  of  a  resistance  equal  to  the 
i-f  impedance  of  the  crystal. 


V^c 
(1.6  X 


where  R  is  the  i-f  impedance  and  IF 
is  the  integrated  bandwidth  of  the 
mixer  and  amplifier,  V„  is  the  crystal 
noise,  and  Vr  the  noise  voltage  from 
an  equivalent  resistance.  The  value 
of  t  is  usually  given  as  a  ratio,  and 


Table  IIL  Results  of 


VIDEO  OR  LOW  LEVEL  CRYSTM^ 


1 

RMA 

\(>. 

Description 
and  hand 
in  me 

Test 
freq 
in  me 

Test 

holder 

Maxi¬ 

mum 

test 

power 

in 

milli¬ 

watts 

1 

Mini¬ 
mum 
figure 
of  merit 

Range  of 
video 
resistance 
in  ohms 

Burnout 

test 

1N27 

For  pulse 
discrimi¬ 
nation  10 

3,295 

Rad.  I>ah. 
drawing 
B3121 
tiinahle 

5 

60 

0  to 
t,000 

1N29 

Special 
use  30 

10  cm 

IN21 

type 

Same  as 
10  cm 
mixers 

Conversion 
loss  at 

10  cm 

8  dh  max 

6,500  min 
at  -f  40 
njv 

1N30 

Original 

3 

9,375 

TPX— 

560  M 
tunahle 

5 

55 

7,000  to 
21,000 

Proof  test 

0 . 3  erg 

1N31 

Improved 

stability 

3 

9,375 

Rad.  I.ah. 
drawing 
B7389 
fixed  tune 

5 

55 

6,000  to 
23,000 

Design 
test  0 . 02  \v 
d-c  1-Mse<! 
ipulse 

1N32 

Improved 

sensitivity 

10 

3,295 

Rad.  Lah. 
drawing 
B7389  fixed 
tune 

5 

100 

5,000  to 
20,000 

{Dt*sign 
test  0.03  w 
d-c  l-/isec 
Ipulse 

1 

1N33 

Improved 
burm)ut  10 

2,880 

Hazel  tine 
fixed  tune 

5 

1 

to  min 
130  max 

1  2,000  to 
10,000 

i 

1  Design 

Itest  2.3  w 
id-c  l-^isec 
Ipulse 

n ICiH-BAC K-VOLTAOE  CRYSTALS 


Western 

Electric 

No. 

1 

Descrip¬ 

tion 

Rectification  in  test 
circuit 

60  cps  con¬ 
version  at 
high  level 

Peak 

hack 

volt¬ 

age 

min 

d-c 

30  me  1 
imped-l 
ance  i 
in  ! 
ohms  j 

d-c  . 
re¬ 
sist¬ 
ance 

Freq 

IjOw  level 

High 

level. 

1 

In 

Out 

min 

In  1 

1 

Out 

minj 

In  ! 

Out 

min 

D17 1.561 

2nd  de¬ 
tector 

30  me 

0.5  V 
peak 
30  me 

15  mv  i 
d-c  j 

2l.7v 
peak 
30  me 

1 

5  V 
d-c  , 

-  -i 

0.92  V  1 
fwak  1 
60  cps  j 
modu¬ 
lation 

O.lOv 

60 

jcps 

i 

50  V 

1 

D171612 

D-C  re¬ 
storer 
(r-f) 

30  me 

1  ! 
1 

j 

50  V 

2,000 

0.1 

imeg  at 

-  1  V 

D 172925 

D-C  re¬ 
storer 

30  me 

t 

1 

1 

! 

1 

2,000 

|o.06 

iiueg 

at 

-  .50  V 
jo.  25 
Imeg 
at 

I  —  5  V 
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appears  in  the  tables  as  t  =  2x  where 
X  indicates  it  is  a  ratio;  a  crystal 
would  be  considered  perfect  if  t  were 
equal  to  unity. 

An  overall  criterion  of  perform¬ 
ance  is  NFr,  the  noise  figure  of  the 
receiver,  which  gives  the  ratio  of  the 
average  of  the  output  noise  voltage 


squared  to  the  output  signal  voltage 
squared  when  the  input  signal  power 
is  just  equal  to  the  thermal  agitation 
noise  power 

NFr  =  l(NF,.,-\-t-l) 

where  all  the  terms  are  ratios.  As¬ 
suming  the  noise  figure  of  the  aver- 


Design  Tests  on  Crystals 


HlGH-BACK-V(>i;r\GE  CRV.STAES 


RMA 

Crystal 

60 

No. 

dioilo 

cps 

1N3I 

30  V  10  V 
(nils)  d-<; 


150  V 


0.025 


me^  at 
-  50  V 


(500  ohms  loail  resist¬ 
ance;  no  capacitor) 


0.2 

meg 

at 

-  10  V 


MIXER  OR  LOCAL  OSCILLATOR  DRIVEN  CRYSTALS 


RM\ 

No. 

D**scrip-j 
tion  1 
and  1 
band  | 
in  om  1 

j 

I'est 
fre(| 
in  me 

Test 
bolder  ; 

1 

Test  j 
flower 
level  1 
in  1 
milli¬ 
watts 

Max  : 

Conver-j 
sion  , 
loss 
in  db 

Min 
noisi*  : 
ratio  ; 

i-f  ‘ 
im- 

fiedance  1 
in 

ohms 

1 

Min 
recti¬ 
fied  ' 
cur¬ 
rent 

ma 

Burn¬ 
out 
pr(M)f 
test 
in  ergs 

1N21 

i 

Obsolete 

10 

i 

3,(t60 

..  1 

Bell  ' 

Labs 

ESI 

0.5 

8.5 

i 

1  X 

Vfiprox  1 

too  j 

! 

1N2IA 

1 

Standard 

10 

3,060  1 

1 

0.5 

7.5 

3  X  : 

i 

i 

0.3 

1N21B 

,  i 

lin-  j 

proved  j 
si'nsiti-  i 
\ity  andj 
biirnoiit  1 
10 

3,060 

1 

1 

0.5 

6.  .5 

1 

2  X 

! 

0  1 

1 

j 

2.0 

1N21C 

Mo^d^ 
sensitive  i 
10 

3,060 

i 

0.5 

.5 .  .5 

1  5  X 

2.0 

IN  23 

Standard 
3  ' 

0,375 

Tl>\- 
36( ;  M 

10 

3  X 

\ppro\ 

100 

0 . 3 

1 

1N23\ 

im¬ 

proved 

simsi- 

li\ity 

0,375 

1  0 

1 

1.7  X 

100 

1.0 

1N23B 

iMosI 
sensitiv  e 
;  3 

0.375 

10 

6.5 

1 

i 

2.7  X 

100 

0  .3 

1N2I 

,( )bsol(‘le 

!l-<‘m 

band 

Mounted 
|in  wave 
l^uide 

11 

1 

IN  25 

lligb 

burnout 

30 

il  .000 

! 

j 

j 

1  25 
0.0 

8 

1 

2.5  X 

100 
to  100 

7  watts 

[Hilses 

IN  26 

|('oa\- 

isliieldeil 

jeartridfje 

1 2 1,000 

1 

1 

iTPK- 

il5  III 

1.0 

8  5 

1 

1 

2.5  \ 

300  600 
nuvisiired 
at  3  cm 

0 . 5 

0  1 

1N28 

jlligb 

ibiirnoiit 

10 

3,060 

1 

'  0.  1 

2  X 

i  \ppro\ 
2.50 

0.  1 

3 

1N22 

Instru¬ 
ment 
rei'tilier 
|at  10  or  3 

Western  Elect  rie 

j  10  cm 

10 

j6x  1 

1 

1  0.3 

Sylvania 

3  (‘111 

' 

1 

'  10  cm 
i  3  cm 

0.15 
:  0.1 

i  0.3 

age  amplifier  iVF,.,  =  2x  (or  3  db), 
then  in  db,  NFr  =  10  logjoL/(t  -f  1)] 
where  /  and  t  are  ratios.  The  best 
NFr  of  a  perfect  diode  would  be 
6  db  for  a  3-db  receiver,  with  image 
matched.  The  noise  figure  in  db  of 
the  crystal  by  itself  (NFr)  can  be 
expressed  as 

NFr  =  10  log,.,(f/) 

where  t  and  /  are  ratios. 

The  video  impedance  is  meas¬ 
ured  at  5  mv  in  the  forward  direc¬ 
tion.  M  is  the  figure  of  merit  of  a 
crystal  as  used  for  the  input  to  a 
video  amplifier.  It  is  a  measure  of 
the  output  signal  voltage  V’..  to  the 
output  thermal  agitation  noise  volt¬ 
age  Vx  (background). 

To  _ _  Pi  Rd~- 

I’  v  Vlf  l.‘2f)  X  l()-'»6  4-  /•  ~ 

P,  M 

1.26  X  10-‘0\'if 

where  M  =  R4.r/h(Ri.r  +  r)^  i  =  SF 
(input  r-f).  Pi  is  r-f  input  power, 
and  r  is  a  fictitious  series  resistance 
of  the  grid  of  a  first  tube  which 
would  give  a  noise  equivalent  to  the 
amplifier  noise.  An  s  equal  to  one  is 
desirable  and  r  is  of  the  order  of 
1,200  ohms, 

and  Ba  are  the  proof  and  design 
burnout  test  required  for  the  crystal. 
The  number  of  ergs  given  is  the 
energy  in  a  spike  or  pulse  of  roughly 
3  microseconds  duration  from  a 
Torrey  concentric  line  pulser  used  to 
proof  test  each  crystal.  The  power 
in  watts  is  the  peak  available  (or 
matched)  power  in  r-f  or  d-c  micro¬ 
second  pulses. 


Future : 

Point  contact  rectifiers  offer  many 
possibilities  in  addition  to  the  pres¬ 
ent  uses  as  radar  mixers,  second  de¬ 
tectors,  beacon  detectors  and  low- 
frequency  diodes.  They  can  replace 
many  diodes  with  a  saving  in  volume, 
weight,  and  filament  power  consump¬ 
tion.  The  low  capacitance  of  the 
contact  makes  their  use  in  high- 
frequency  applications  desirable. 
Special  kinds,  such  as  welded  point 
crystals  and  silicon  high  back  volt¬ 
age  crystals,  are  still  capable  of 
further  development  and  use. 
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Exciter -  Regulator 


By  PAUL  T.  HADLEY,  ARTHUR  W.  FORSBERG  and  0.  KRAUER 

General  Aviation  Equipment  Co.,  Jnc. 

New  York,  N.  Y. 


FIG.  1 — Block  diagram  showing  the  operat¬ 
ing  principle  of  the  tingle-phase  deyice 


The  relative  merits  of  direct- 
current  and  alternating-current 
power  in  airplanes  have  been  dis¬ 
cussed  in  a  number  of  excellent  ar¬ 
ticles.  It  is  generally  recognized  that 
the  alternating-current  system  is 
preferable  on  large  aircraft  which 
require  relatively  large  amounts  of 
power  for  electrical  auxiliaries. 

This  article  describes  a  self-excited 
alternating-current  system  which 
employs  an  electronic  exciter  con¬ 
trolled  by  an  electronic  voltage  regu¬ 
lator.  Two  variations  of  this  system 
have  been  developed;  one  for  three- 
phase,  400-cycle,  constant-frequency 
main  power  supply,  and  the  other  for 
single-phase,  variable-frequency,  380 
to  1,000-cycle  auxiliary  power. 

Self- Excited  System 

Field  excitation  is  obtained  from 
the  output  of  the  alternator  through 
controlled  rectifiers.  Such  a  system  is 
preferable  to  a  separately-excited 
system,  for  the  following  reasons: 
The  weight  of  the  alternator  is  re¬ 
duced  approximately  25  percent. 
Problems  of  commutation  at  high 


altitudes  are  eliminated.  The  mechan¬ 
ical  design  of  the  alternator  is  simpli¬ 
fied.  The  alternator  may  be  oper¬ 
ated  at  higher  speeds  due  to  the 
simplified  design  of  the  shaft  and  the 
absence  of  a  commutator,  thus  allow¬ 
ing  a  further  reduction  in  weight. 

One  inherent  disadvantage  of  the 
self-excited  system  is  its  tendency  to 
collapse  under  certain  short-circuit 
conditions  and  thus  prevent  clearing 
of  faults.  It  was  found  possible  to 
design  the  circuit  in  such  a  way  that 
voltage  collapse  is  not  experienced 
on  faults  which  have  sufficient  imped¬ 
ance  to  maintain  approximately  35 
percent  of  rated  voltage  at  the  alter¬ 
nator'  terminals. 

The  problem  of  clearing  a  three- 
phase,  zero-impedance  short-circuit 
remained  to  be  solved.  A  satisfac¬ 
tory  solution  was  obtained  without 
adding  materially  to  weight  by  the 
use  of  a  circuit  breaker  with  auto¬ 
matic  reclosing  characteristics.  It 
was  found  that  the  timing  of  the  re¬ 
closing  cycle  was  not  critical  pro¬ 
vided  that  the  circuit  breaker  opened 
before  the  voltage  collapsed  entirely 
and  remained  open  until  the  voltage 


recovered  to  approximately  90  per¬ 
cent  of  normal.  A  practical  reclosing 
cycle  for  the  particular  circuit  con¬ 
stants  involved  consisted  of  equal 
closed  and  open  periods  of  approxi¬ 
mately  12  cycles,  or  0.03  seconds  each. 
By  this  method  an  rms  value  of  cur¬ 
rent  substantially  above  full  load  was 
maintained  through  the  fault. 

Constant-Frequency  Circuit 

A  block-diagram  of  the  single¬ 
phase  self-excited  alternator  is  shown 
in  Fig.  1.  The  complete  circuit  of 
the  constant-frequency  exciter-regu¬ 
lator  is  shown  in  Fig.  2. 

The  function  of  the  voltage-indi¬ 
cating  circuit  is  to  measure  the  devi¬ 
ation  of  the  alternator  line  voltage 
from  a  set  standard.  This  standard 
consists  of  a  d-c  bridge  circuit  which 
is  supplied  through  a  5R4GY  vac¬ 
uum-tube  rectifier  from  the  alter¬ 
nator  terminals.  A  glow-discharge 
type  VR150  voltage-regulator  tube  is 
used  as  a  primary  standard  and  the 
bridge  is  balanced  when  the  a-c  volt¬ 
age  equals  a  value  determined  by  the 
adjustment  of  rheostat  Any 

deviation  of  a-c  voltage  produces  a 
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for  Aircraft  Alternators 


Circuit  diagrams  and  performance  characteristics  of  two  exciters  controlled  by  electronic 
voltage  regulators.  One  is  for  three-phase,  400-cps  constant-frequency  main  power  sup¬ 
plies  and  the  other  for  single-phase,  380  to  1,000-cps  variable-frequency  auxiliaries 


change  in  grid  voltage  of  the  6AC7 
amplifier  tube  with  respect  to  its 
cathode  and  a  corresponding  change 
in  the  plate  current,  which  excites  a 
saturable  reactor. 

In  the  grid-control  circuit,  varia¬ 
tions  in  reactance  caused  by  changes 
of  the  d-c  excitation  of  the  saturable 
reactor  produce  corresponding  phase 
shifts  of  the  grid  voltage  of  the 
CE306  thyratron  main  rectifier  tubes. 

The  main  rectifiers  are  connected 
for  full-wave  rectification.  The  out¬ 
put  of  the  tubes,  which  flows  through 
the  alternator  field,  is  determined  by 
the  relative  phase  angles  of  their 
grid  and  anode  potentials.  A  change 
in  voltage  at  the  alternator  terminals 
will  unbalance  the  bridge,  producing 
a  change  in  the  d-c  excitation  of  the 
saturable  reactor  and  a  consequent 
shift  of  phase  angle  of  the  thyratron 
grid  voltage,  which  raises  or  lowers 
the  output  of  the  thyratrons  and  the 
alternator  excitation  until  the  bridge 
is  again  balanced. 

A  24- volt  aircraft  battery  was 
available  for  use  with  the  constant- 
frequency  unit  to  provide  the  excita¬ 
tion  necessary  to  initiate  voltage 


The  tingle-phase,  Tarioble-frequency  exciter-regulator 

buildup  in  the  starting  circuit.  When  normal  voltage  at  no  load.  At  this 
the  unit  is  started,  battery  voltage  is  voltage  the  heater  current  in  the 
applied  to  the  alternator  field  through  thyratron  tubes  is  sufficient  to  start 
a  series  resistance  which  is  adjusted  ionization.  The  low  a-c  voltage  causes 
to  produce  approximately  60  percent  the  bridge  to  call  for  full  output  from 

the  thyratrons  and,  when  ionization 
commences,  the  rectified  voltage 
from  the  thyratrons  adds  to  the  bat¬ 
tery  voltage,  increasing  the  excita¬ 
tion  and  a-c  voltage  cumulatively 
until  normal  voltage  is  reached.  A  re¬ 
lay  opens  the  battery  circuit  when 
the  field  voltage  reaches  a  self-sus¬ 
taining  value. 

Variable-Frequency  Circuit 

A  battery  w’as  also  available  for 
starting  the  variable-frequency  unit. 
In  order  to  assure  buildup  at  the  low¬ 
est  speed  and  prevent  damage  to  the 
tubes  when  starting  at  the  higher 
speeds,  additional  relays  are  em¬ 
ployed  in  the  circuit.  Referring  to 
Fig.  3,  the  sequence  of  operation  is 
as  follows: 

When  battery  voltage  is  applied  to 
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FIG.  3 — Circuit  of  the  singie-phase,  variable-frequency  unit 


ELECTRONICS 


1 


FIELD  CURRENT 

[".I.MM.I.MMI . """""„||(1|j|j|i|lllllllllllll(||(|||f|!| 

A-C  LINE  VOLTS  ' 

s 

. . . . . . 

FIG.  4 — Oscillogram  showing  the  performance  of  the  variable-frequency  exciter- 
regulator  upon  application  of  a  sudden  68-ampere.  0.8  power-factor  load  at  510  cycles 
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FIG.  5 — Oscillogram  showing  the  performance  of  the  variable-frequency  exciter- 
regulator  upon  sudden  interruption  of  a  68-ampere.  0.8  power-factor  load  at  485  cycles 


the  unit,  relay  Si  is  energized 
through  a  normally-closed  contact  on 
relay  So.  Closing  of  relay  Si  applies 
battery  voltage  to  the  alternator  field 
and  also  connects  one  side  of  the  a-c 
bus  to  a  tap  on  the  primary  of  the 
heater  transformer.  The  tap  is  ad¬ 
justed  to  give  approximately  60  per¬ 
cent  rated  heater  voltage  at  the  low¬ 
est  speed  at  which  the  unit  is  to  be 
started. 

Cumulative  buildup  proceeds  as 
described  previously.  A  resistance 
in  series  with  the  power  transformer 
primary  limits  the  current  fiow 
through  the  thyratrons  during  the 
starting  period.  A  thermal  time- 
delay  relay  S,,  which  has  characteris¬ 
tics  which  closely  approximate  those 
of  the  thyratrons,  is  connected  across 
one  of  the  heater  circuits.  When  the 
thyratrons  have  reached  operating 
temperature  S*  closes  and  energizes 
Ss.  So  short-circuits  the  resistance  in 
series  with  the  power  transformer 
primary  and  also  deenergizes  Si ; 
thus  the  heater  primary  is  switched 
from  tap  to  full  winding  and,  at  the 
same  time,  the  battery  circuit  is 
opened. 


When  starting  at  the  highest  oper¬ 
ating  speeds,  the  heater  voltage  is 
approximately  50  percent  above 
rated  voltage.  The  thyratrons  are 
protected  against  overheating  by  the 
characteristics  of  the  thermal  relay, 
but  the  life  of  the  amplifier  and  recti¬ 
fier  tubes  may  be  shortened  because 
of  their  smaller  thermal  capacity. 

A  sudden  change  in  a-c  voltage, 
with  a  corresponding  change  in 
bridge  voltage,  causes  current  pro¬ 
portional  to  the  rate  of  change  of 
voltage  to  flow  through  capacitor  C/. 
This  current,  flowing  through  R,, 
produces  a  potential  on  the  grid 
which  tends  to  oppose  the  change 
produced  by  the  change  in  bridge 
voltage.  The  result  is  to  slow  down 
the  response  and  prevent  overshoot¬ 
ing.  The  cathode  resistor  also  pro¬ 
vides  degenerative  feedback  and  aids 
in  preventing  hunting. 

Performance 

The  laboratory  setup  used  to  test 
the  constant-frequency  system  con¬ 
sisted  of  two  40-kva,  three-phase, 
400-cycle,  208  or  120-volt,  6,000-rpm 
alternators,  each  belt-driven  from  a 


3,600-rpm  induction  motor  and  each 
alternator  excited  and  controlled  by 
its  own  exciter-regulator. 

The  variable-frequency  system  test 
setup  consisted  of  an  8-kva,  single¬ 
phase,  4,000  to  10,000-rpm,  115-volt 
alternator,  belt-driven  from  a  15-hp, 
4-speed  induction  motor  and  with 
electronic  exciter-regulator.  Vari¬ 
able-pitch  sheaves  were  used  in  the 
drive  so  that  intermediate  speeds 
could  be  obtained. 

With  the  frequency  constant 
within  approximately  10  percent,  the 
regulator  is  capable  of  maintaining 
constant  voltage  under  steady-state 
conditions  within  1  percent  or  better. 
On  the  variable-frequency  applica¬ 
tion,  with  a  frequency  range  of  2.5 
to  1,  an  accuracy  of  2  percent  was  ob¬ 
tained. 

The  response  to  sudden  transient 
changes  in  load  was  extremely  rapid. 
The  oscillograms  shown  in  Fig.  4  and 
5,  taken  on  the  variable-frequency 
unit,  are  typical.  Figure  4  is  a  record 
of  the  sudden  application  of  approxi¬ 
mately  full  load  on  the  alternator.  It 
will  be  noted  that  complete  recovery 
of  line  voltage  was  attained  within 
25  cycles,  or  approximately  0.05  sec¬ 
onds.  Figure  5  shows  the  results  of 
sudden  removal  of  load  from  the  al¬ 
ternator.  Complete  voltage  recovery 
was  reached  in  23  cycles,  or  less  than 
0.05  seconds.  The  stability  of  the 
system  is  demonstrated  in  these  os¬ 
cillograms.  Only  one  cycle  of  oscilla¬ 
tion  can  be  detected  in  either. 

The  pulley  ratios  of  the  belt-drives 
for  the  two  40-kva  alternators  were 
slightly  different  and,  as  a  conse¬ 
quence,  the  speeds  of  the  two  units 
differed  by  approximately  1.5  per¬ 
cent.  Under  these  conditions,  the  al¬ 
ternators  could  be  paralleled  at  ran¬ 
dom  without  synchronizing,  with 
relatively  small  voltage  disturbance 
and  rapid  recovery.  The  application 
for  which  the  variable  frequency 
unit  was  designed  and  built  did  not 
require  parallel  operation  and,  there¬ 
fore,  no  such  tests  were  made. 
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INTER  MODULATION 
- TESTING - 

Fidelity  of  audio  amplifiers,  especially  those  used  in  f-m  transmitters  and  receivers,  is  best 
determined  by  intermodulation  tests.  Correlation  with  actual  listener  tests  is  higher  for  inter- 
i  modulation  tests  than  for  harmonic  distortion  tests 


Standards  of  good  engineering 
practices  concerning  f-m  broad¬ 
casting,  published  by  the  Federal 
Communications  Commission,  spec¬ 
ify  an  audio  frequency  bandwidth  of 
from  50  to  15,000  cycles.  These 
standards  indicate  that  it  is  the  in¬ 
tention  for  f-m  broadcasters  not 
merely  to  transmit  the  designated 
wide  audio  band  but  also  to  transmit 
this  band  with  minimum  distortion. 
To  obtain  this  objective  it  will  be 
necessary  for  most  engineers  to  alter 
radically  their  audio  frequency  de¬ 
sign  and  measuring  techniques,  and 
to  revise  their  concepts  of  high 
fidelity. 

In  transmitting  signals  covering 
a  wide  frequency  range,  it  is  neces¬ 
sary  that  all  the  elements  of  distor¬ 
tion  be  reduced  to  a  very  low  degree. 
This  requirement  is  particularly  true 
when  the  frequency  range  ap¬ 
proaches  the  full  capabilities  of  the 
human  ear.  If  distortion  is  not  sat¬ 
isfactorily  controlled,  the  results  of 
extending  the  frequency  range  will 
be  to  produce  a  quality  which  is  less 
pleasing  than  that  obtained  with  a 
limited  bandwidth. 

The  error  of  transmitting  a  wide 
band  without  sufficient  reduction  of 
distortion  has  been  repeated  many 
times  and  in  each  case  the  public  has 
reacted  unfavorably  to  what  was  ex¬ 
pected  to  be  an  improvement.  Expe¬ 
rience  in  the  sound  motion  picture 
field  has  indicated  that  widening  of 
the  frequency  range  should  be  the 
last  step  in  design  improvement.  Re¬ 
duction  of  distortion  comes  first  and 
then,  with  proper  experience,  if  the 
distortion  and  noise  level  are  suffi¬ 
ciently  low,  the  frequency  band  can 
be  extended.  If  the  new  standards  of 
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the  FCC  are  to  be  properly  met,  a 
new  set  of  standards  for  measuring 
permissible  distortion  is  essential.  I 
refer  not  only  to  distortions  of  fre¬ 
quency  and  amplitude,  but  also  to 
distortions  caused  by  hum,  noise,  and 
distortion  caused  by  interaction  of 
complex  •frequencies,  which  has  come 
to  be  known  as  intermodulation. 

Tests  for  Fidelity 

For  an  amplifier  system  to  provide 
excellent  quality  without  distortion 
while  transmitting  the  band  from  50 
to  15,000  cycles,  the  complete  ampli¬ 
fier  system  should  be  capable  of  pass¬ 
ing  the  following  tests: 

(1)  Total  hum  and  other  noises 
measured  throughout  the  entire 
band  should  be  at  least  66  db  below 
the  full  modulation  or  overload  point. 

(2)  As  determined  by  means  of 
an  oscillator  and  oscilloscope,  the 
maximum  sine  wave  carrying  capac¬ 
ity  for  the  system  should  be  deter¬ 
mined  for  all  frequencies  in  the 
transmitted  band.  It  is  desirable  for 
the  amplifier  system  to  have  reserve 


sine  wave  carrying  capacity  of  at 
least  six  decibels  beyond  full  modula¬ 
tion  over  the  entire  pass  band. 

(3)  Frequency  response  runs 
should  be  made  at  maximum  operat¬ 
ing  level  as  determined  by  the  pre¬ 
ceding'  test.  Additional  frequency 
response  measurements  should  be 
made  at  30  db  below  that  point  and 
60  db  down  from  the  maximum  oper¬ 
ating  level.  There  should  be  no  sig¬ 
nificant  difference  in  the  frequency 
response  of  the  amplifier  system  at 
these  three  levels  of  output  power. 

(4)  Determine  intermodulation 
products  of  the  amplifier  system  by 
methods  outlined  herein.  For  direct 
transmission,  six  percent  intermodu¬ 
lation  should  not  be  exceeded  any¬ 
where  in  the  frequency  band.  If  the 
signal  is  to  be  recorded  and  re-re¬ 
corded,  or  if  it  is  to  be  transmitted 
through  a  network  of  amplifier  sys¬ 
tems,  it  is  desirable  for  the  inter¬ 
modulation  products  to  be  held  below 
four  percent.  Amplifier  systems 
which  will  meet  all  of  these  require¬ 
ments  can  be  built,  but  they  require 
much  greater  attention  to  design 
than  they  have  been  previously  ac¬ 
corded. 

Amplifier  systems  which  will  not 
meet  these  tests  will  fail  to  meet  the 


FIG.  1 — Signal  generator  ior  intermodulation  testing  consists  of  two  independent 
oscillators  and  a  linear  circuit  ior  mixing  their  outputs 
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FIG.  2 — Intermodulotion  analyxer  detects  high  frequency  modulation  doTeioped  by  nonlinearity  of  amplifier  under  test.  (Word  iust 
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objective  of  truly  high  quality  repro¬ 
duction.  Measurements  of  hum  and 
other  noises,  measurement  of  maxi¬ 
mum  sine  wave  carrying  capacity  for 
the  entire  band,  and  measurement  of 
frequency  response  at  the  designated 
levels  all  utilize  techniques  with 
which  the  audio  frequency  engineer 
is  familiar. 

IntormodMiatioR 

Over  the  past  ten  years,  Frayne 
and  Scoville  of  the  Western  Electric 
Company,  Scott  of  the  General  Radio 
Company  and  Harries,  Narath,  Jan- 
ovsky  and  the  writer  have  discussed 
the  problem  of  measuring  intermod¬ 
ulation  distortion. 

During  the  past  eight  years  I  have 
been  using  the  intermodulation 
method  in  designing  audio  amplifiers 
and  film  and  disc  recording  appara¬ 
tus.  As  a  result  of  this  experience,  I 
believe  a  discussion  of  these  meas¬ 
urements  may  be  interesting  and 
helpful  to  those  designing  f-m  trans¬ 
mitters  that  will  meet  the  new  FCC 
requirements. 

Intermodulation  tests  consist  of 
transmitting  simultaneously  two 
known  frequencies  through  the 
equipment  under  test  and  then  meas¬ 
uring  the  degree  of  interaction  and 
distortion  of  these  two  frequencies 
by  determining  the  magnitude  of 
new  frequencies  which  have  been 
generated. 

Two  known  frequencies  are  ap¬ 
plied  to  the  input  of  the  amplifier 
under  test  from  a  signal  generator. 
The  output  attenuator  of  the  signal 
generator  is  adjusted  to  produce  the 
required  power  from  the  amplifier 


under  test.  The  output  of  the  ampli¬ 
fier  or  system  being  tested  is  con¬ 
nected  to  the  input  circuit  of  the 
intermodulation  analyzer.  The  input 
attenuator  on  the  analyzer  is  then 
adjusted  until  a  carrier  level  meter 
reads  100  percent.  An  intermodula¬ 
tion  percentage  meter  then  reads 
directly  the  amount  of  distortion 
present. 

Sigaal  G*R«rator 

Figure  1  shows  a  block  diagram  of 
a  conventional  signal  generator  used 
for  intermodulation  testing.  It  con¬ 
tains  two  independent  resistance- 
capacitance  sine-wave  oscillators. 
We  have  a  choice  of  40,  60,  or  100 
cycles  from  the  low  frequency  oscil¬ 
lator  and  1,000,  7,000,  or  12,000 
cycles  from  the  high  frequency  oscil¬ 
lator.  The  output  level  of  each  oscil¬ 
lator  is  independently  controlled.  A 
reference  meter  can  be  switched  to 
either  oscillator  for  metering  its 


level.  The  output  of  each  oscillator 
is  transmitted  by  a  cathode  follower 
to  a  hybrid  coil  which  combines  the 
two  oscillator  outputs. 

A  12  db  fixed  attenuator  is  pro¬ 
vided  in  the  high  frequency  oscillator 
output  so  that  the  low  frequency  is 
transmitted  12  db  higher  than  the 
high  frequency.  This  differential 
ratio  of  low  to  high  frequency  ampli¬ 
tudes  is  arbitrary  and  is  used  to 
obtain  the  maximum,  low  frequency 
sensitivity  of  the  test. 

For  other  test  conditions,  in  par¬ 
ticular  where  distortion  is  predomi¬ 
nantly  at  high  frequencies,  it  may  be 
advisable  to  use  other  amplitude 
ratios  for  the  two  test  frequencies. 

An  output  meter,  a  variable  atten¬ 
uator  of  30  db  range,  and  fixed  atten¬ 
uation  of  either  20  or  40  db  are 
available  by  means  of  a  selector 
switch  to  control  the  output.  A 
ganged  dual  potentiometer  at  the 
input  of  cathode  followers  gives  a 
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vernier  adjustment  of  output  power. 

A  block  diagram  of  an  intermodu¬ 
lation  analyzer  is  shown  in  Fig.  2. 
The  input  attenuator  system  is  ad¬ 
justable  over  a  90  db  range  in  one 
decibel  steps,  and  is  capable  of  dis¬ 
sipating  50  watts.  The  input  imped¬ 
ance  is  600  ohms. 


POWER  CHARACTERISTIC 


l■t•rmod■lation  Analyivr 

Equipment  under  test  receives  its 
input  from  the  signal  generator  and 
delivers  its  output  to  the  analyzer. 
The  output  of  the  equipment  under 
test  consists  of  a  low  frequency  with 
a  high  frequency  superimposed  upon 
it,  plus  harmonics  of  the  original 
tones,  plus  intermodulation  distor¬ 
tion.  In  order  to  measure  this  inter¬ 
modulation,  it  is  necessary  to  remove 
the  original  low  frequency  compon¬ 
ent.  This  removal  is  accomplished 
by  an  800  cycle  high  pass  filter  which 
follows  the  attenuator.  The  output 
of  the  filter  consists  of  what  may  be 
termed  a  carrier  and  its  resultant 
sidebands.  This  carrier  is  then 
amplified  to  a  predetermined  level 
and  demodulated.  The  reference  level 
is  obtained  by  adjusting  the  input 
attenuator  to  provide  a  100  percent 
reading  on  the  carrier  meter.  The 
output  of  the  demodulator  is  trans¬ 
mitted  through  a  200-cycle  low-pass 
filter  which  removes  the  carrier  fre¬ 
quency  and  transmits  only  sideband 
components  up  to  200  cycles. 

Discussion  in  the  literature  has 
indicated  that  both  first  and  second- 
order  intermodulation  components 
generally  are  present  in  the  distor¬ 
tion  of  audio  frequency  transmission 
equipment.  For  this  reason  it  is 
considered  essential  that  measuring 
equipment  should  record  many  such 
components  rather  than  limit  itself 
to  only  first  order  components. 

The  200  cycle  cutoff  frequency  has 
been  set  so  that  at  least  the  second 
order  terms  will  be  accepted  for  all 
the  original  low  frequencies,  more 
being  accepted  for  the  60  and  40 
cycle  tones. 

The  choice  of  the  800  cycle  cut  off 
for  the  high-pass  filter  has  been  dic¬ 
tated  by  the  requirement  that  at 
least  60  db  of  discrimination  be  in¬ 
serted  against  all  low  frequencies  in 
order  that  values  of  intermodulation 
can  be  measured  down  to  0.1  percent. 

The  ripple  components  or  inter¬ 
modulation  products  are  amplified 
and  measured  by  a  vacuum  tube  volt¬ 
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FIG.  4 — Maximum  undistorted  power  obtainable  ior  a  particular  ampliiier  falls 

rapidly  at  low  frequencies 
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FIG.  5— Intermodulation  and  harmonic  distortion  of  the  amplifier  whose  character¬ 
istics  are  given  in  Fig.  4 


centage  intermodulation  to  voltage, 
the  termination  of  the  amplifier 
under  test  is  not  altered. 

Sensitivity  for  zero  on  the  db  scale 
has  a  range  from  minus  70  to  plus 
40  dbm  in  12  steps  of  10  db  each. 
Because  the  scale  is  calibrated  so 
that  a  —20  db  point  is  readable,  a 
range  down  to  —90  dbm  is  possible. 

Frequency  response  curves  and 
noise  levels  can  be  obtained  by  using 
the  voltmeter  and  millivoltmeter. 
Two  scales  enable  data  to  be  taken  in 
either  decibels  or  volts.  A  bridging 
jack  is  provided  so  that  the  vacuum 
tube  voltmeter  can  be  bridged  across 
any  portion  of  a  circuit  where  a 
shunt  of  1.4  megohms  will  not  influ¬ 
ence  circuit  conditions. 

Apparent  cancellation  of  inter¬ 
modulation  effects  (usually  near 


meter.  The  meter  is  calibrated 
directly  in  percentage  total  inter¬ 
modulation  and  has  six  ranges  with 
full  scale  sensitivities  of  0.3,  1.0, 
3.0,  10,  30  and  100  percent.  The 
analyzer  can  also  be  used  as  a  volt¬ 
meter  by  bridging  the  filters.  The 
frequency  range  as  a  millivoltmeter 
is  flat  within  1  db  from  20  to  20,000 
cycles  per  second  and  on  the  volt¬ 
meter  scale  its  range  is  flat  from  20 
to  50,000  cycles. 

The  inclusion  of  the  vacuum  tube 
voltmeter  provides  a  method  of  ac¬ 
curately  measuring  signals  or  noise 
levels.  The  meter  scales  read  in 
volts,  with  maximum  sensitivity  cor¬ 
responding  to  a  full  scale  reading  of 
0.3  mv,  and  in  db  relative  to  one 
milliwatt  across  600  ohms.  In  shift¬ 
ing  from  the  measurement  of  per¬ 
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amplifier  overload  point)  is  a  phe¬ 
nomenon  which  has  been  observed  in 
some  cases.  In  these  cases  it  has 
been  found  that  the  pass  band  of 
the  intermodulation  analyzer  was 
not  sufficiently  wide  to  accept  the 
higher  order  distortion  terms. 

Analyier  Calibration 

Calibration  of  the  intermodulation 
analyzer  is  made  using  two  frequen¬ 
cies,  namely  1,000  and  1,060  cycles. 
A  20  db  attenuator  is  switched  into 
the  1,060  cycle  oscillator  output  so 
that  when  these  two  frequencies  are 
combined,  the  1,060  cycle  output  will 
be  20  db  below  the  1,000  cycle  output. 
By  definition  this  is  a  condition  of 
ten  percent  intermodulation.  This 
complex  signal  is  then  transmitted 
directly  to  the  analyzer  with  the 
range  switch  set  for  ten  percent  in¬ 
termodulation.  The  input  level  is 
then  adjusted  for  a  ten  percent  read¬ 
ing  on  the  intermodulation  meter, 
and  the  carrier  meter  is  set  to  100 
percent. 

Calibration  of  the  voltmeter  is 
accomplished  by  checking  against  a 
standard  a-c  voltmeter.  By  inserting 
a  60  db  attenuator  ahead  of  the  anal¬ 
yzer,  the  same  voltage  can  be  used  to 
check  the  millivolt  range. 

Low  Frequency  Overloading 

The  writer  wishes  to  stress  the 
importance  of  linear  transmission  of 
amplitudes  and  wave  forms  of  the 
low  frequencies  which  occur  simul¬ 
taneously  with  the  higher  frequen¬ 
cies  of  speech  and  music.  These  low 
frequency  components  originate  in 
drums  and  other  percussion  instru¬ 
ments,  in  the  reproduction  of  gun 
shots,  explosions,  thunder  and  earth¬ 
quakes. 

Unless  a  transmission  system  has 
the  carrying  capacity  at  low  fre¬ 
quencies  to  handle  these  sound  ef¬ 
fects,  distortion  results.  Therefore, 
it  is  considered  essential  to  test  a 
transmission  system  in  such  a  man¬ 
ner  as  to  stress  these  low  frequen¬ 
cies.  Transformers  and  other  devices 
which  change  their  impedance  at 
low  frequencies  are  a  major  cause  of 
distortion,  because  this  impedance 
change  limits  the  carrying  capacity 
of  the  tubes.  For  this  reason,  lim¬ 
ited  power  capacity  will  appear  at 
low  frequencies  more  readily  than  in 
the  midrange. 

Analysis  indicates  that  all  types  of 


systems  show  least  distortion  near 
the  middle  portion  of  their  transmis¬ 
sion  band.  Therefore,  test  equipment 
is  designed  so  that  test  frequencies 
lie  near  the  outer  portions  of  the 
frequency  band. 

Apparatus  which  shows  low  inter¬ 
modulation  distortion  at  40  cycles 
will  meet  the  most  rigid  low  fre¬ 
quency  demands,  while  systems 
which  pass  the  intermodulation  test 
only  at  60  or  100  cycles  should  be 
used  only  where  a  corresponding 
sacrifice  in  quality  is  permissible. 
This  information,  together  with  a 
corresponding  study  of  high  fre¬ 
quency  properties,  will  determine  the 
bandwidth  for  which  a  particular 
system  is  suitable. 

Figure  3  shows  intermodulation 
curves  on  three  classes  of  amplifier. 


Curve  A  represents  a  poor  public 
address  amplifier  which  is  not  suit¬ 
able  for  any  application  even  though 
the  amplifier  is  rated  at  14  watts, 
because  distortion  is  excessive  at  one 
or  two  watts.  Curve  B  is  representa¬ 
tive  of  the  average,  high  grade  am¬ 
plifier  now  used  for  radio  station 
and  recording  purposes.  Curve  C  is 
an  amplifier  which  will  meet  the 
rigid  specifications  called  for  by  f-m 
standards  of  good  engineering. 

Correlation  of  Harmonic  and 
Intermodulation  Distortions 

Figure  4  shows  the  power  and 
gain  characteristic  of  a  pushpull 
parallel  6L6  amplifier  rated  by  its 
manufacturer  at  50  watts.  The  power 
curve  is  obtained  by  observation  of 
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FIG.  6 — Although  not  rated  for  as  high  power  as  the  amplifier  of  Fig.  4  and  5. 
this  amplifier  has  better  high  and  low  frequency  response 


FIG.  7 — Intermodulation  distortion  of  the  amplifier  whose  choracteristics  are  shown 
in  Fig.  6  remains  low  up  to  its  rated  output  power 
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FIG.  8 — Effect  of  cathode  bias  on  linear  operation  of  output  tubes  is  shown  by 

intermodulation  tests 


FIG.  9 — Intermodulation  testing  shows  the  importance  of  the  output  transformer  at 

low  frequencies 


the  maximum  power  that  can  be 
generated  before  departure  of  the 
output  from  a  sine  wave  is  observable 
on  an  oscilloscope.  The  gain  charac¬ 
teristic  had  to  be  measured  at  a  low 
level  so  as  to  be  within  the  limitation 
of  the  power  curve. 

Figure  5  shows  the  distortion 
analysis  for  this  amplifier,  giving 
the  40  cycle  harmonic  analysis  for 
2nd,  3rd,  and  5th  harmonics  as  well 
as  the  percentage  intermodulation 
for  40  and  r,000  cycles  and  for  60 
and  1,000  cycles.  It  will  be  observed 
that  the  40  cycle  intermodulation 
products  rise  very  rapidly  in  the 
vicinity  of  25  watts.  For  this  par¬ 
ticular  amplifier  the  3rd  harmonic 
shows  a  rapid  increase  at  the  same 
power.  The  fact  that  the  60  cycle 
intermodulation  curve  is  lower  for 
the  same  power  indicates  a  deficiency 
in  the  output  transformer  as  was 
indicated  in  Fig.  4  by  the  reduction 
in  power  handling  capacity  at  low 
frequencies. 

Figure  6  shows  power  and  gain 
characteristics  for  an  amplifier  hav¬ 


ing  a  manufacturer’s  rating  of  40 
watts.  In  this  case  the  power  and 
frequency  response  are  more  uni¬ 
form  over  a  wider  frequency  range. 
Figure  7  shows  the  harmonic  con¬ 
tent  at  40  cycles  for  2nd,  3rd  and  5th 
harmonics  together  with  the  inter¬ 
modulation  curves  for  40  and  1,000 
cycles  and  for  60  and  1,000  cycles.  It 
will  be  noted  in  this  case  that  the 
harmonic  distortion  for  all  orders  of 
terms  increases  gradually  with 
power.  Because  both  total  harmonic 
and  intermodulation  distortion  are 
low,  except  near  its  rated  maximum 
power,  the  amplifier  can  be  consid¬ 
ered  to  be  comparatively  free  of 
distortion. 

In  our  design  and  development 
work  on  amplifiers,  we  have  found 
that  proper  design  and  adjustment 
are  attained  only  when  the  curve 
shows  low  values  of  intermodulation 
at  low  levels  and  rises  gradually  as 
maximum  power  is  reached. 

A  good  example  of  how  the  inter¬ 
modulation  method  can  be  helpful  in 
design  work  is  shown  in  Fig.  8.  Here 


are  shown  three  intermodulation 
curves  showing  the  effect  on  inter¬ 
modulation  of  improper  bias  of  the 
amplifier’s  power  stage.  The  require¬ 
ment  of  low  intermodulation  prod¬ 
ucts  at  low  operating  levels  forces 
the  bias  nearer  the  condition  of 
strictly  Class  A  operation  in  ampli¬ 
fiers.  In  other  words,  excessive  bias 
must  be  avoided  for  highest  quality 
performance  in  the  operating  range. 

Intermodulation  Tests 

Intermodulation  testing  has  facili¬ 
tated  advancements  in  transformer 
design.  Figure  9  shows  the  improve¬ 
ment  which  can  be  made  in  an  ampli¬ 
fier  by  substituting  an  improved 
output  transformer.  It  will  be  ob¬ 
served  that  the  low  frequency  carry¬ 
ing  capacity  has  been  increased  and 
the  drstortion  has  been  reduced  for 
all  levels  of  operation. 

Most  of  these  curves  have  shown 
conditions  where  overload  occurs 
first  at  low  frequencies.  In  some 
amplifiers  high  frequency  distortion 
predominates.  To  test  these  ampli¬ 
fiers  the  two  frequencies  from  the 
signal  generator  are  adjusted  to  be 
of  equal  amplitude.  The  intermodu¬ 
lation  measurements  will  indicate 
the  presence  of  high  frequency  dis¬ 
tortion  when  it  is  not  masked  by  low 
frequency  distortion. 

Without  exception  it  has  been  the 
writer’s  experience  that  listening 
tests  will  confirm  the  relative  inter¬ 
modulation  test  figures.  All  other 
things  being  equal,  critical  listeners 
will  select  the  system  having  the 
lowest  percentage  of  intermodulation 
in  a  performance  test. 

The  intermodulation  test  does  not 
of  itself  provide  all  information  re¬ 
quired  by  engineers.  It  needs  to  be 
supplemented  by  frequency  response, 
noise,  and  power  tests  mentioned 
earlier  in  this  paper.  When  used  in 
conjunction  with  these  other  tests,  it 
is  the  writer’s  belief  that  this  inter¬ 
modulation  method  of  testing  repre¬ 
sents  a  major  tool,  es.sential  in  de¬ 
sign,  production,  and  maintenance 
of  amplifier  systems  which  meet  FCC 
standards  of  good  engineering  prac¬ 
tice. 

The  writer  wishes  to  acknowledge 
the  important  work  done  by  W.  C.  B. 
Evans,  who  has  shared  the  responsi¬ 
bilities  of  designing  the  equipment 
and  who  has  supplied  much  of  the 
laboratory  data  used  in  this  paper. 
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Measurement  of 

VELOCITY  OF  PROPAGATION 

in  Cable 


1 


In  determining  electrical  length  of  vhf  lines,  it  is  necessary 
to  know  the  velocity  of  propagation  in  the  particular  cable 
that  is  used.  A  simple,  resonant,  substitution  measurement 
made  with  the  instrument  described  gives  that  information 


FIG.  1 — Frequency  is  adiusted  until  coble 
under  test  presents  a  short  circuit  to  the 
instrument 

FIG.  2 — Complete  circuit  ol  the  velocity  of 
propagation  measuring  instrument 


By 

B. KRAMER 
and 

FRED  STOLTE 

Intelin  Research  and  Develoijment 
jMboratory 

Federal  Telephone  and  Radio  Corp. 
\eirnrk,  .V.  J. 


ONE  OF  THE  important  character¬ 
istics  of  an  ultrahigh-fre¬ 
quency  transmission  line  is  the  veloc¬ 
ity  at  which  an  electromagnetic  wave 
propagates  through  it.  Not  only  is 
knowledge  of  this  velocity  essential 
in  determining  the  lengths  of  solid 
dielectric  tuning  stubs  used  for  im¬ 
pedance  matching,  but  it  is  also  vital 
when  the  line  is  used  as  a  harness 
where  exact  physical  lengths  must 
represent  exact  electrical  lengths. 

For  these  reasons  and  as  a  method 
of  quality  control  it  is  necessary  to 
measure  the  velocity  of  propagation 
of  each  reel  of  transmission  line. 
This  becomes  a  large  scale  operation 
where,  for  example,  over  two  million 
feet  of  polyethylene  insulated  trans¬ 
mission  line  is  manufactured  in  a 
month. 

Velocity  of  propagation  varies  in¬ 
versely  as  the  square  root  of  the  di- 
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electric  constant  of  the  material  sep¬ 
arating  the  inner  and  outer  con¬ 
ductors  of  a  coaxial,  transmission 
line.  The  relative  velocity  of  propa¬ 
gation  is  found  by  the  relation  v/c  = 
l/\/k  where  the  significance  of  the 
letters  is  given  in  Table  I.  Thus  it 
can  be  seen  that  any  change  in  the 
dielectric  constant  will  result  in  a 
variation  in  the  velocity  of  propaga¬ 
tion. 

The  two  following  expressions 
from  transmission  line  theory  are  the 
basis  for  the  method  of  measuring 
the  velocity  of  propagation,  which  is 
described  in  a  Naval  Research  Labor¬ 
atory  report,  “Methods  of  Measuring 
the  Electrical  Characteristics  of 
Transmission  Lines  at  Ultra  High 
Frequencies”. 

The  velocity  of  propagation  is 
equal  to  the  wavelength  times  the 
frequency  in  cycles  per  second  or 


V  =  X/,  and  the  input  impedance  of 
an  open-circuited,  low-loss  line  is 
given  by  the  expression  Zi  =  jZfiot 
(2iti/X).  It  can  be  seen  that  when  I 
is  equal  to  an  odd  number  of  quarter 
wavelengths  the  quantity  cot2i:i/X  is 
equal  to  zero  and  therefore  the  line 
will  act  as  if  its  input  end  were  short 
circuited. 

Method  of  Meoturemeiit 

Referring  to  Fig.  1,  which  is  a 
simplified  schematic  of  the  velocity- 
of -propagation  meter  circuit,  one 
sees  that  two  circuits  LiCi  and  LtC, 
will  resonate  at  the  same  frequency 
if  the  transmission  line  acts  as  a 
short  circuit.  This  will  occur  only 
when  the  frequency  of  the  generator 
is  such  that  the  electrical  length  of 
the  transmission  line  is  exactly  an 
odd  number  of  quarter  wavelengths. 

This  condition  of  zero  impedance 
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is  approached  by  first  tuning  capaci¬ 
tor  Cl  so  that  the  whole  circuit  is  in 
resonance  and  then  short  circuiting 
the  input  end  of  the  transmission 
line.  If  resonance  is  disturbed  the 
circuit  is  returned  with  capacitor  C*. 
The  procedure  is  repeated  until  open 
and  short  circuiting  the  transmission 
line  does  not  disturb  the  resonant 
condition  of  the  measuring  circuit. 
By  measuring  the  frequency  at  which 
no  resonant  disturbance  occurs  and, 
knowing  the  physical  length  of  the 
transmission  line,  the  velocity  of 
propagation  can  be  determined. 

The  method  just  outlined  is  obvi¬ 
ously  not  adaptable  to  mass  produc¬ 
tion  methods  which  require  accurate 
results,  rapidly  obtainable  by  un¬ 
skilled  personnel.  The  Naval  Re¬ 
search  Laboratory,  recognizing  this, 
developed  an  instrument  for  precise 
measurement  which  they  have  called 
the  VP  Meter.  In  this  instrument, 
which  employs  the  principles  out¬ 
lined,  it  is  only  necessary  to  insert 
the  prepared  end  of  a  transmission 
line  of  predetermined  length  and  ad¬ 
just  a  single  dial  until  a  maximum 
indication  is  shown  on  the  meter. 
The  relative  velocity  of  propagation 
is  then  read  directly  from  the  fre¬ 
quency  dial  or  from  a  calibration 
table. 

The  instrument  developed  and 
built  by  FederaTs  engineers  is  based 
on  this  design  but  is  modified  to  en¬ 
able  it  to  be  used  for  a  wide  variety 
of  sizes  of  coaxial  and  dual  transmis¬ 
sion  lines,  and  to  have  a  finer  tuning 
control. 


The  sample  of  solid  polyethylene 


transmission  line  is  cut  exactly  150 
cm  long  which  represents  i  of  a  wave¬ 
length  at  approximately  100  mega¬ 
cycles  for  the  velocity  of  propagation 
of  this  particular  cable. 

The  velocity  of  propagation  in  per¬ 
cent  is  calculated  as  follows  when 
frequency  is  in  me  v/c  =  X/  X 
lOVc.  From  the  above  values,  I  =  iX 
=  150  cm,  thus  X  =  200  cm.  Substi¬ 
tuting  this  value  of  wavelength  into 
the  foregoing  equation  gives  v/c  = 
200/  X  10V3  X  10“  =  S/.  Thus  the 
relative  velocity  is  a  direct  function 
of  the  resonant  frequency. 

Measuring  Instrument 

The  speed  of  measurement  on  the 
VP  Meter  is  due  to  the  fact  that  the 
oscillator  and  indicator  circuits  are 
ganged  together  and  always  tuned  to 
the  same  frequency  when  the  trans¬ 
mission  line  receptacle  is  short  cir¬ 
cuited.  As  before,  this  condition  wdll 
occur  when  the  frequency  is  such 
that  the  cable  is  exactly  IX  and  is  in¬ 
dicated  by  a  maximum  reading  on 
the  vacuum-tube  voltmeter  which  is 
a  sensitive,  resonance  indicator. 

Figure  2  is  a  schematic  circuit  of 
the  VP  Meter.  On  the  lefthand  side 
is  the  oscillator  circuit  which  can 
be  tuned  from  95  to  105  megacycles 
by  means  of  capacitor  C*.  The  in¬ 
ductor  Li  is  very  loosely  coupled 
through  an  electrostatic  shield  to  in¬ 
ductor  Li  in  the  indicator  circuit. 
Padding  capacitors  are  provided  in 
each  circuit  to  obtain  close  tracking 
throughout  the  frequency  range. 

To  insure  the  accuracy  of  results, 
it  is  only  necessary  to  check  the  f re- 


An  odd  quarter,  electricol  waTelenqth  of 
line  is  inserted  in  the  iiutrument.  The 
single  dial  simultaneously  tunes  both 
oscillotor  and  indicotor.  When  the  meter 
indicates  resonance  by  maximum  reading, 
the  frequency  indicated  on  the  dial  is 
proportional  to  Telocity  of  propagation 


TABLE  I— DEFINITION  OF  SYMBOLS 


c  —  wave  velocity  in  air,  3  X  10“*  cm 
per  sec 

/  —  fre(|uency,  see  text  preiedin^ 
each  equation 
k  —  dielectric  constant 
I  —  length  of  line,  in  cm 
V  —  wave  velocity  in  line,  in  cm  pt*r 
sec 

Zo  —  characteristic  impedance  of  line, 
in  ohms 

Zi  —  input  impedance  of  line,  in  ohms 
X  —  wavelength  in  line,  in  cm 


quency  calibration  of  the  dial  and 
the  tracking  between  the  two  cir¬ 
cuits.  Frequency  calibration  is  eas¬ 
ily  checked  against  a  calibrated  fre¬ 
quency  standard.  Tracking  is  checked 
by  merely  inserting  a  copper  short¬ 
ing  rod  in  the  line  receptacle  and 
noting  the  change  in  meter  deflection 
over  the  frequency  range.  A  two- 
percent  change  in  meter  deflection 
would  still  represent  negligible  error 
in  measurement.  No  change  in  meter 
deflection  indicates  perfect  tracking. 

Three  calibrated,  test  samples  are 
used  for  frequently  checking  the  cali¬ 
bration  of  the  instrument.  The  sam¬ 
ples  consist  of  solid  dielectric  lines 
that  have  been  pulled  into  a  tight 
fitting  copper  tube  and  sealed,  the 
tube  serving  as  the  outer  conductor. 
The  velocities  of  propagation  in 
these  samples  have  been  adjusted  so 
as  to  bracket  the  range  of  the  instru¬ 
ment. 

The  time  required  to  measure  the 
relative  velocity  of  a  prepared  cable 
sample  with  this  instrument  is  only 
about  ten  seconds.  The  total  error 
due  to  working  limitations  is  esti¬ 
mated  to  be  less  than  two  percent. 
The  standard  deviation  in  the  meas¬ 
urement  of  a  large  number  of  sam¬ 
ples  of  a  single  type  of  transmission 
line  does  not  exceed  0.08  percent,  the 
major  part  of  which  is  due  to  vari¬ 
ations  in  the  samples  themselves. 
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Rotary  Wave  Radar 


Continuous-wave  system  for  commercial  use  employs  circular  polarization  to  permit  simul¬ 
taneous  transmission  and  echo  reception  without  sacrifice  of  transmitted  or  received  signal 
power.  Chief  use  is  in  low-power  applications  requiring  minimum  weight  and  bulk 
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The  commonly  used  radar  system 
employs  short  pulses  of  radia¬ 
tion.  Between  the  end  of  one  pulse 
and  the  beginning  of  the  next  the 
radiating  system  acts  as  a  receiving 
antenna  for  picking  up  the  echo  of 
the  previously  transmitted  pulse. 
There  are  some  radar  applications, 
however,  which  require  continuous- 
wave  radiation.  Reception  must 
then  be  carried  out  continuously  and 
simultaneously  with  transmission. 

Various  methods  have  been  pro¬ 
posed  to  avoid  having  separate  an¬ 
tennas  for  simultaneous  transmission 
and  reception,  but  unfortunately 
most  of  these  schemes  involve  a  se¬ 
rious  sacrifice  of  power.  A  typical 
expedient  employs  a  Wheatstone 
bridge  having  the  resistance  of  the 
antenna  transmission  line  as  one  arm 
and  a  resistor  as  another  arm.  Since 
the  receiver  and  transmitter  are  con¬ 
nected  to  conjugate  points,  the  re¬ 
ceiver  is  not  affected  by  the  trans¬ 
mitter  power.  However,  half  the 
transmitter  power  is  wasted  in  the 
bridge  arm,  and  only  a  fraction  of 
the  total  incoming  signal  power 
reaches  the  receiver. 

Basie  Principle  of  System 

The  basis  of  the  method  to  be 
described  is  the  use  of  two  orthogonal 
planes  of  polarization.  When  applied 
to  a  circular  waveguide,  it  takes  the 
form  shown  in  Fig.  1.  The  wave¬ 
guide  is  energized  by  a  probe  which 
terminates  a  coaxial  line  leading  from 
a  transmitter  serving  as  a  source  of 
microwave  power.  A  horn  causes 
the  resulting  energy  to  be  radiated 
in  a  narrow  beam  and  also  provides 
a  nearly  nonreflective  termination 
for  the  guide.  The  receiving  probe 
projects  into  the  guide  at  right 


angles  to  the  transmitting  probe  and 
is  preferably  displaced  a  number  of 
half  wavelengths  along  the  axis. 
Energy  picked  up  by  this  probe  is 
carried  by  a  coaxial  line  to  a  crystal 
detector  in  the  receiver. 

The  detector  probe  will  not  pick  up 
the  outgoing  power  of  this  trans¬ 
mitter  because  there  is  no  component 
of  the  pickup  probe  along  the  direc¬ 
tion  of  the  electric  field  of  the  trans¬ 
mitted  waves.  On  the  other  hand,  if 
incoming  signals  have  their  electric 
field  parallel  to  the  detector  probe 
all  their  power  can  be  absorbed  in 
the  detector  and  none  in  the  trans¬ 
mitter.  Thus  simultaneous  transmis¬ 
sion  and  reception  can  be  accom¬ 
plished  with  a  single  horn  or  dish 
radiating  system  without  impairing 
the  efficiency  of  either  function  if  the 
planes  of  polarization  of  outgoing 


Arrangement  of  Fig.  3.  employing  an  18- 
inch  concare  reflecting  dish  above  a  flat 
reflecting  sheet  set  at  45  degrees 


and  incoming  waves  are  at  right 
angles  to  each  other. 

The  system  as  so  far  described  has 
only  limited  usefulness  for  radar- 
type  applications  where  the  received 
signal  is  the  echo  of  the  transmitted 
wave,  because  few  if  any  targets  will 
rotate  the  plane  of  polarization  a  full 
90  degrees  during  reflection.  For  ex¬ 
ample,  if  the  radar  signal  is  reflected 
from  a  spherical  body  its  polariza¬ 
tion  will  be  unaltered  and  the  echo 
will  not  affect  the  detector.  The  same 
is  true  if  the  reflecting  body  consists 
of  one  or  more  thin  conductors  par¬ 
allel  to  the  electric  field  of  the  trans¬ 
mitter.  If  such  conductors  are  per¬ 
pendicular  to  the  field  there  will  be 
no  reflection  and  no  echo.  However, 
such  conductors  in  any  other  orienta¬ 
tion  will  produce  an  echo  that  has  a 
component  along  the  detector  probe. 
The  miscellaneous  reflecting  objects 
encountered  in  practice  will  usually 
produce  components  having  polariza¬ 
tion  suitable  for  the  detector,  but 
even  in  the  most  favorable  case  (re¬ 
flecting  wires  at  45  deg  to  the  trans¬ 
mitter  probe)  the  power  received  by 
the  detector  is  only  a  quarter  of  what 
it  could  be. 

Circular  Polariiation  of  Echo 

The  special  feature  of  the  system 
under  discussion  is  a  means  for  ro¬ 
tating  the  plane  of  polarization  of 
the  echo  90  degrees,  whereby  all  the 
echo  power  is  made  available  to  the 
detector.  To  see  how  this  can  be 
done,  imagine  the  outgoing  wave  to 
be  replaced  by  a  pair  of  components 
having  polarization  planes  at  right 
angles.  That  is,  one  component  has 
its  electric  field  oriented  half-way  be¬ 
tween  the  directions  of  the  trans¬ 
mitter  and  receiver  probes,  and  the 
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A  3-cm  wave  system  as  in  Fig.  1,  plus  tuning  screws  and  telescoping  (line  stretcher) 
section  to  produce  rotary  polarisation  and  provide  control  oi  crystal  current 


FIG.  1 — Placing  transmitting  and  receiving 
probes  at  right  angles  in  a  circular  wave 
guide,  as  shown  here,  permits  simultane¬ 
ous  transmission  and  reception 


other  component  is  of  equal  magni-  component.  Alternately,  if  a  dish 
tude  and  like  phase  but  its  field  is  is  used  in  a  way  that  involves  reflec- 
at  right  angles  to  that  of  the  first  tion  by  a  flat  reflector,  this  reflector 
component.  Next,  imagine  that  some-  can  be  a  composite  affair,  one  por- 
thing  is  done  to  the  waveguide  (or  tion  reflecting  one  component  only 
the  radiator)  anywhere  beyond  the  and  the  other  portion  lying  an  eighth 
detector  which  results  in  one  out-  •  of  a  wave  behind  it.  Whether  horn 
going  component  gaining  a  quarter  or  dish  is  used,  it  is  always  possible 
period  over  the  other.  Then  if  the  to  cause  the  radiated  beam  to  tra- 
target  reflects  both  components,  verse  an  area  composed  of  a  bundle 
the  first-named  component  will  gain  of  short  rectangular  waveguides  (like 
another  quarter  period  during  its  looking  through  a  honeycomb)  whose 
passage  back  to  the  detector.  The  dimensions  are  chosen  to  give  the 
echo  on  reaching  the  detector  will  desired  quarter-period  gain  of  one 
then  have  two  components  of  equal  component  over  the  other, 
magnitude  but  at  right  angles  in  The  most  convenient  method  in 
space  and  180  degrees  different  in  practice  is  to  squeeze  the  guide 

phase.  These  are  the  components  of  slightly  somewhere  between  the  ra- 
a  plane-polarized  wave  having  its  diator  and  the  nearest  probe.  The 
plane  of  polarization  along  the  de-  less  the  guide  exceeds  its  cutoff  diam- 
tector  probe,  which  is  the  result  eter  the  less  the  squeeze  required, 
sought.  The  wave  emitted  under  the  and  the  longer  the  squeezed  portion, 
above  assumptions  is  circularly  polar-  the  less  the  squeeze.  The  direction 
ized.  of  squeeze  is  midway  between  the 

.....  _  .  ,  directions  of  the  probes  (or  per- 

Phasc-shifting  Techniques  j-  i  .  ..  .  j-  i.-  n  t 

pendicular  to  this  direction).  In 

There  are  available  a  variety  of  either  case  the  wavelength  in  the 
ways  to  bring  about  the  required  guide  is  increased  for  one  component 
quarter-period  phase  shift  between  and  decreased  for  the  other, 
the  two  radiated  components.  For 
example,  a  thin  strip  of  polystyrene 
can  be  inserted  in  the  guide  with  its 
plane  midway  between  the  directions 
of  the  probes.  The  length  of  the 
strip  is  determined  by  cut  and  try, 
the  length  being  increased  until  the 
radiation  is  observed  to  be  approx¬ 
imately  circular.  Bending  the  guide 
in  the  above-mentioned  plane  will 
also  do  the  trick  if  the  curvature  and 
length  of  the  bent  portions  are  chosen 
correctly. 

Both  phase  control  and  impedance 
matching  can  theoretically  be  ob¬ 
tained  also  by  a  sufficient  number  of 
tuning  screws  acting  on  each  wave 
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FIG.  2 — Use  of  adjustable  plug  to  control 
crystal  current 


half  the  power  of  this  reflected  wave 
can  be  absorbed  by  the  detector  (it 
cannot  reach  the  detector  both  plane 
polarized  and  along  the  detector 
axis).  This  power  loss  from  a  polar¬ 
izing  target  is  not  so  bad  as  it  sounds, 
however,  because  polarizing  targets 
are  not  the  rule  and  because  even 
quarter-power  response  is  better  then 
none.  The  combination  of  detector 
and  circular  polarizing  means  (with¬ 
out  transmitter)  constitutes  a  re¬ 
ceiver  that  will  receive  equally  well 
signals  polarized  in  any  plane. 

Need  for  Some  Direct  Coupling 

In  all  the  foregoing  it  has  been  as¬ 
sumed  that  the  detector  and  trans¬ 
mitter  probes  are  accurately  at  right 


Target  Characteristics 

Assuming  that  the  system  has  been 
adjusted  to  emit  a  circularly  polar¬ 
ized  field,  let  us  consider  the  nature 
of  the  echos  from  various  types  of 
targets.  An  isotropic  target,  such 
as  is  approximated  by  many  objects 
in  actual  practice,  reflects  any  wave 
without  change  in  its  type  of  polar¬ 
ization.  This  results  in  maximum 
possible  signal  on  the  detector,  as 
explained  previously.  A  polarizing 
target  such  as  a  dipole,  however,  can 
reflect  only  half  the  power  of  a  rotary 
w’ave,  and  the  reflected  wave  is  plane 
polarized.  It  can  be  shown  that  only 
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angles  and  that  the  horn  or  other 
radiator  terminates  the  guide  nonre- 
flectively.  In  such  a  case  the  detector 
receives  no  energy  except  by  reflec¬ 
tion  from  the  target.  So  exact  a  bal¬ 
ance  is  fortunately  not  necessary — in 
fact,  it  would  be  undesirable. 

At  least  some  of  the  transmitter 
power  must  be  impressed  directly  on 
the  detector  if  the  system  is  to  be 
used  in  either  of  its  two  most  im¬ 
portant  applications.  In  both  of  these 
applications  it  is  required  to  measure 
the  difference  in  frequency  between 
the  outgoing  signal  and  the  echo. 
The  only  practical  way  to  do  this  is 
to  let  the  two  frequencies  mix  in  the 
detector  and  observe  the  beat  fre¬ 
quency.  Furthermore,  the  amplitude 
of  this  beat  frequency  depends  upon 
the  magnitude  of  the  directly  im¬ 
pressed  voltage  on  the  detector  as 
well  as  upon  the  strength  of  the  echo, 
.so  that  up  to  a  certain  point  at  least, 
it  is  advantageous  to  augment  the 
inherent  direct  coupling  between 
transmitter  and  detector. 

Doppler-Effect  Radar  Application 

Suppose  a  tugboat  is  operating  in 
fog  in  a  harbor.  The  pilot  is  in¬ 
terested  in  being  warned  if  the 
distance  between  himself  and  any 
nearby  object  is  diminishing.  The 
simple  Doppler-effect  radar  setup  of 
Fig.  1  will  do  this.  The  equipment 
might  comprise,  for  example,  a  low- 
power  microwave  transmitter,  a  horn 
or  dish  to  produce  a  moderately  sharp 
beam,  means  to  produce  approx¬ 
imately  circular  polarization  of  the 
beam,  a  crystal  detector,  and  an  audio 
amplifier  preferably  with  the  higher- 
frequency  response  cut  off.  If  another 
boat  approaches  and  is  in  the  beam 
of  the  transmitter,  the  frequency  of 
the  echo  produced  will  be  shifted 
by  virtue  of  Doppler’s  principle  (due 
to  relative  movement  of  transmitter 
and  target)  so  that  an  audio-fre¬ 
quency  tone  will  be  heard  in  a  loud¬ 
speaker  (or  seen  on  an  oscilloscope) 
connected  to  the  amplifier.  The  pitch 
of  this  tone  is  a  measure  of  the  rate 
of  approach,  being  twice  the  relative 
speed  expressed  in  wavelengths  per 
second.  (If  three-centimeter  waves 
are  used,  the  pitch  in  cps  is  approx¬ 
imately  30  times  the  rate  of  approach 
expressed  in  miles  per  hour.)  If  dan¬ 
gerously  close  the  tone  will  be  strong, 
but  of  course  the  size  of  the  target 
has  a  good  deal  to  do  with  signal 


strength  so  that  distance  cannot  be 
reliably  inferred.  The  same  sort  of 
signal  results  if  the  tug  is  approach¬ 
ing  a  stationary  object,  it  being  only 
the  relative  speed  that  counts. 

In  practice  the  beam  might  be  ar¬ 
ranged  to  rotate  continuously  on  a 
vertical  axis  so  as  to  cover  all  direc¬ 
tions  of  approach.  When  a  signal  is 
picked  up,  particularly  in  the  for¬ 
ward  direction,  the  rotation  could  be 
stopped  and  a  more  accurate  bearing 
obtained  by  manual  pointing. 

F*H  Radar  Application 

In  f-m  radar  a  beat  tone  is  likewise 
obtained,  but  in  a  different  way.  Let 
us  suppose  the  transmitter  frequency 
is  changing.  By  the  time  the  echo 
comes  back  the  transmitter  frequency 
is  slightly  shifted  and  a  beat  tone  is 


Rotary  wave  radar  unit  luing  two-foot 
diameter  reflecting  dish  arranged  os  in 
Fig.  2 


formed  whose  pitch  is  proportional 
to  the  target  distance  and  to  the  rate 
of  change  of  frequency.  It  is  not  pos¬ 
sible  to  keep  the  frequency  changing 
in  one  direction  indefinitely,  but  if 
the  frequency  is  swung  back  and 
forth  less  than  some  twenty  times 
per  second,  a  recognizable  pitch,  al¬ 
though  of  an  intermittent  nature,  will 
be  heard.  This  pitch  as  judged  by 
ear  is  of  course  only  a  qualitative 
measure  of  distance,  but  that  is 
enough  for  many  purposes. 

Another  method  of  indication  is 
to  use  the  same  alternating  voltage 
both  to  swing  the  transmitter  fre¬ 
quency  and  to  act  as  sweep  voltage 
of  an  oscilloscope,  in  which  case  the 
number  of  waves  seen  on  the  scope 
is  a  measure  of  distance.  In  case  the 
target  is  moving,  the  pitch  is  due 


to  a  combination  of  f-m  and  Doppler 
effects,  but  the  mean  value  of  the 
pitch  is  still  a  correct  measure  of 
range.  For  indicating  rate  of  ap¬ 
proach  only,  the  frequency  sweep  is 
preferably  switched  off.  If  used  in 
an  airplane  with  the  beam  pointed 
down,  the  f-m  system  becomes  a  ter¬ 
rain  clearance  indicator. 

Whether  used  in  Doppler  or  f-m 
fashion,  the  present  system  is  be¬ 
lieved  to  have  its  chief  application 
in  cases  w'here  the  ultimate  in  cheap¬ 
ness  and  compactness  is  a  prereq¬ 
uisite,  such  as  for  small  boats  and 
airplanes.  The  reason  for  this  is  that 
if  the  transmitter  power  is  made  too 
great  there  is  danger  of  burning  out 
the  crystal  detector  during  adjust¬ 
ment  of  the  crystal  current  produced 
by  direct  coupling  unless  the  adjust¬ 
ment  is  carried  out  at  reduced  power. 
Also,  if  increased  range  of  operation 
is  attempted  by  using  a  superhetero¬ 
dyne  receiver  with  high  gain,  vibra¬ 
tions  of  the  dish  or  horn,  which  cause 
a  variation  in  reflection  by  the  radiat¬ 
ing  system,  constitute  troublesome 
microphonics.  Finally,  to  apply  f-m 
conveniently  it  is  desirable  to  use  a 
reflex-klystron  type  of  transmitting 
oscillator  since  the  frequency  of  these 
tubes  can  be  varied  by  applying  al¬ 
ternating  voltage  to  the  repellor  elec¬ 
trode,  and  these  tubes  are  at  present 
low-power  devices. 

While  the  rotary  wave  system  has 
been  explained  with  particular  refer¬ 
ence  to  c-w  radar  and  wave  guides, 
it  should  be  applicable  to  low-power 
pulse  radar  operation  as  well,  and  to 
operation  with  conventional  antennas 
and  transmission  lines.  In  the  latter 
case,  a  pair  of  crossed  dipoles  in  a 
dish  would  be  used,  fed  from  a  com¬ 
mon  point  by  way  of  individual  lines 
differing  in  length  by  a  quarter  wave. 
The  detector  would  be  coupled  dif¬ 
ferentially  between  points  on  the  two 
lines  equidistant  from  the  common 
point. 

Adjustment  of  Crystal  Current 

With  a  well-designed  horn  the  mis¬ 
match  between  guide  and  horn  is 
likely  to  be  so  small  that  direct  cou¬ 
pling  due  to  reflection  of  the  outgo¬ 
ing  signal  here  will  not  be  sufficient, 
and  crystal  current  will  have  to  be  in¬ 
creased  to  obtain  the  optimum  value 
of  about  0.1  ma. 

The  arrangement  in  Fig.  2  pro¬ 
vides  enough  elements  to  control 
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FIG.  3 — Control  of  crystal  current  with  slid¬ 
ing  ring  on  circular  waveguide 


crystal  current.  It  requires  a  reflect¬ 
ing  disc  to  throw  the  radiation  back 
onto  the  dish,  and  hence  some  means 
to  support  it.  If  a  polystyrene  plug 
is  used,  its  length  and  position  affect 
the  match,  as  well  as  the  spacing  of 
the  disc  from  the  end  of  the  guide 
and  the  position  of  the  whole  as¬ 
sembly  in  the  dish.  A  considerable 
range  of  adjustment  of  all  those 
quantities  is  possible  with  nearly 
maximum  beam  sharpness.  In  addi¬ 
tion,  a  fine  control  of  current  may 
be  had  by  varying  the  frequency. 

An  arrangement  that  avoids  the 
reflecting  disc  is  shown  in  Fig.  3. 
In  this  case  a  ring  slidable  on  the 
outside  of  the  pipe  sets  up  a  reflec¬ 
tion  whose  phase  rotates  rapidly  with 
motion  along  the  guide,  but  whose 
amplitude  varies  only  slowly.  The 
size  of  ring  required  is  determined 
by  experiment.  This  adjusting  means 
is  not  capable  of  producing  exact  bal¬ 
ance  unless  the  ring  happens  to  be 
of  an  exactly  correct  size,  but  works 
well  enough.  It  will  give  correct 
phase  and  nearly  correct  amplitude. 
Further  adjustment  is  possible  by 
slightly  varying  the  frequency  or  the 
position  of  the  guide  with  respect  to 
the  dish.  The  arrangement  of  Fig.  3 
permits  rotating  the  beam  contin¬ 
uously  by  rotating  only  the  reflecting 
plane  which  has  no  wires  connected 
to  it. 

To  adjust  by  squeezing  the  vrave 
guide,  it  is  well  to  provide  a  pair  of 
strips  with  thumb  screws,  to  fit  over 
the  guide.  The  squeezed  portion  is 
preferably  one  and  a  half  guide  wave¬ 
lengths  or  more,  and  the  diameter 
of  the  guide  fairly  close  to  cutoff,  say 
about  10  percent  greater  than  cutoff. 

While  a  crystal  probe  has  been 
shown  for  purposes  of  explanation. 


it  is  more  convenient  to  take  off  de-  Before  applying  any  squeeze,  the 
tector  power  by  way  of  a  rectangular  transmitter  should  be  adjusted  for 
guide  fitted  to  the  round  guide  as  maximum  output  from  the  radiator, 
shown  in  Fig.  4A.  The  guide  extends  If  there  is  any  observable  detector 
parallel  to  the  transmitter  probe,  but  current,  adjust  the  detector  for  max- 
the  crystal  axis  is  still  perpendicular  imum  sensitivity.  If  not,  apply  a 
to  it.  A  movable  piston  is  shown  in  slight  squeeze  in  order  to  obtain 
the  round  guide  but  this  may  be  re-  enough  current  to  do  so,  adjust  the 
placed  by  a  fixed  end  plate  once  the  matching  to  bring  the  detector  cur- 
best  position  is  determined.  The  de-  rent  as  low  as  possible,  apply  more 
tector  guide  is  shown  provided  Tvith  squeeze  and  repeat.  When  the  trans- 
a  piston  and  a  tuning  screw  in  a  slot  mitter,  detector,  squeeze,  and  match- 
but  these  can  also  be  eliminated  with-  ing  adjustments  have  been  gone  over 
out  much  loss  in  detector  sensitivity,  a  few  times,  the  detector  current  will 

be  maximum  with  respect  to  all  ad- 
Couplinf  Adjoitmeiits  •  justments  except  matching.  It  will 

The  transmitter  pow’er  may  also  be  off  from  minimum  with  respect 
be  coupled  to  the  circular  waveguide  to  matching  only  enough  to  provide 
by  way  of  a  rectangular  guide.  This  optimum  crystal  current, 
makes  it  possible  to  use  any  source  of 
waves  arranged  to  feed  a  rectangular 
guide.  One  way  of  doing  this  is  Preliminary  tests  of  rotary  wave 
shown  in  Fig.  4B.  This  scheme  is  de-  radar  with  miscellaneous  arbitrary 
sirable  because  it  permits  matching  targets  served  adequately  for  deter- 
the  round  guide  to  the  rectangular  mining  effects  of  changes  in  design, 
guide  supplying  the  waves,  without  but  the  data  obtained  by  no  means 
affecting  conditions  in  the  receiving  represents  maximum  performance 
system.  The  guide  may  be  tapered  because  improvements  in  the  system 
from  round  to  rectangular  section  are  still  being  made.  Using  an  18- 
or  the  two  sections  may  be  simply  inch  dish  and  flat  reflector  arranged 
fitted  together.  A  tuning  screw  in  a  as  in  Fig.  3,  an  oil  tank  840  yards 
slot  will  provide  the  required  match-  away  gave  a  signal-noise  value  of 
ing.  It  is  desirable  to  connect  a  thin  29  db;  interpolating  from  this  gives 
strip  or  wire  across  the  end  of  the  4600  yards  as  the  range  for  such  a 
round  guide  to  act  as  a  short  for  target  at  which  signal  and  noise  are 
signals  polarized  to  act  on  the  de-  equal.  The  estimated  average  signal- 
tector.  The  center  of  the  detector  equals-noise  value  for  airplanes  is 
guide  is  located  a  quarter  of  a  wave-  1000  yards,  and  for  a  6-inch  square- 
length  (in  the  round  guide)  from  corner  reflector  is  870  yards.  It 
this  shorting  strip.  Similarly,  a  wire  remains  to  be  seen  whether  such 
across  the  end  of  the  detector  guide  large  targets  as  steel  ships,  icebergs, 
will  assist  the  flow  of  transmitter  etc  will  give  appreciably  greater 
power  past  the  detector.  ranges. 
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Complete  electronic  comparator  gage  in  use  for  the  production  gaging 
of  roller  bearings.  The  principal  circuits  used  to  conyert  spindle  dis¬ 
placement  to  meter  reading  and  lamp  indication  are  contained  in  the 

box  at  the  right 


piece.  The  second  coil  is  coaxial  to 
the  fixed  coil  and  as  it  moves  a  vary¬ 
ing  voltage  is  applied  to  a  phase-cor¬ 
recting  network  and  to  the  attenu¬ 
ator.  The  output  voltage  from  a 
variocoupler,  also  fed  from  the  100-kc 
oscillator,  is  combined  with  the  gage- 
head  output.  This  permits  the  gage 
to  be  set  to  zero  anywhere  in  its  op- 
ploy  a  balanced  bridge.  Here  the  erating  range  by  balancing  out  the 

unbalance  (proportional  to  the  dis-  gage-head  voltage.  The  voltage  from 

placement)  is  measured  on  a  sensi-  the  attenuator  is  amplified.  The 

tive  meter.  Or  they  may  depend  amplifier  is  conventional  and  has 
upon  a  variation  in  capacitance  or  in-  practically  no  phase  shift.  Its  output 
ductance  in  resonant  circuits.  The  goes  to  the  rectifier  and  thence  to  the 

electronic  gage  to  be  described  oper-  indicating  meter.  The  voltage  de- 

ates  on  the  change  of  inductance  of  a  veloped  across  the  load  resistor  in 

coupled  circuit  at  low  radio  fre-  this  circuit  is  applied  to  the  grids  of 
quency.  After  the  phase  of  the  re-  a  limit  tube  in  which  the  bias  is 
suiting  voltage  is  corrected,  it  is  am-  varied  so  that  the  limit  lights  may 

plified  and  then  rectified.  The  meter  be  preset  to  selected  tolerances.  This 

indication  is  linearly  proportional  provides  within  limit,  above  and  be- 

to  the  displacement  causing  the  low  limit  indication, 

change  of  inductance.  This  may  be 

seen  from  the  block  diagram  in  Fig.  1.  Problems  of  Design 

The  gage  head  contains  two  coils.  The  design  considerations  arising 
one  fixed  and  connected  to  a  100-kc  in  the  development  of  this  type  of 
oscillator,  the  other  mounted  on  a  gage  present  several  problems.  The 
spindle  which  is  actuated  by  the  work  electrical  aspects  of  the  more  inter- 


The  problem  of  accurately  meas¬ 
uring  physically  small  dimen¬ 
sions  is  not  new  but  increased  de¬ 
mands  for  closer  tolerances  and 
faster  production  methods  have 
placed  more  emphasis  on  improved 
gaging  equipment.  An  answer  to  this 
problem  is  found  in  the  gage  de¬ 
scribed  below. 

There  are  several  requirements 
which  must  be  considered  in  the  de¬ 
velopment  of  a  sensitive  gage.  It 
must  be  stable  and  not  influenced  by 
external  factors.  Rapid  indication  is 
essential.  The  contact  point  must  op¬ 
erate  properly  regardless  of  the  ma¬ 
terial  to  be  measured.  It  is  desirable 
to  have  a  linear  relation  between  the 
physical  displacement  and  its  output 
indication.  A  high  order  of  accuracy 
and  a  large  range  are  useful  to  ac¬ 
commodate  a  wide  variety  of  applica¬ 
tions.  The  gage  must  be  rugged, 
foolproof,  and  easy  to  place  in  opera¬ 
tion.  It  should  measure  at  high 
speeds,  to  predetermined  tolerances 
with  the  ability  to  repeat  itself. 


Operoting  Principle 

The  problem  of  measurement  of 
small  dimensions  has  been  ap¬ 
proached  by  using  optical  and  me¬ 
chanical  magnification,  and  varia¬ 
tion  of  electrical  circuit  parameters. 
Electrical  methods,  to  achieve  suffi¬ 
cient  sensitivity  for  gaging,  may  em- 
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FIG.  1 — Block  diagram  of  the  principal  circuit  elements  used  in  the  comparator  gage. 
The  Tariocoupler  is  used  to  set  the  indicating  meter  to  sero  center.  The  limit  dreuit 
flashes  colored  lights  to  show  whether  the  work  being  gaged  is  under  or  over  sise. 
while  the  meter  shows  exactly  how  much 
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A  standard-size  piece  of  work  is  used  to  balance  an  indicating  meter  to  center.  Desired 
limits  of  deviation  are  then  set  up.  Movement  of  the  gage  point  in  production  inspection 
varies  the  inductive  relationship  between  two  coils  to  light  lamps  indicating  standard 

oversize,  and  undersize 


esting  problems  will  be  mentioned. 

The  gage  head  itself  represents  the 
solution  to  one  of  the  main  problems 
since  a  minute  motion  of  the  diamond 
contact  point  of  the  spindle  must  pro¬ 
duce  enough  voltage  to  give  a  usable 
output.  The  fixed  coil  is  wound  in 
two  sections,  one  in  an  opposite  di¬ 
rection  to  the  other.  This  provides 
an  electrical  center  for  the  coil 
mounted  on  the  spindle  which  moves 
up  and  down  inside  its  form.  As 
stated  before,  these  coils  are  coaxial. 
If  the  spindle  should  move  down¬ 
ward,  however,  so  that  its  coil  passes 
the  electrical  center,  an  output  cur¬ 
rent  would  flow  which  might  confuse 
the  operator.  It  is  necessary,  then, 
to  eliminate  this  mechanically  or 
electrically.  Mechanical  means  of 
stopping  the  spindle  at  the  proper 
position  have  their  attendant  diffi¬ 
culties  and  add  to  the  problem  of 
manufacturing  the  gage  head.  In 
this  gage  an  electrical  method  was 
used,  as  shown  in  Fig.  2. 


Meter  Indication 

The  rectifier  is  similar  to  a  diode 
vacuum-tube  voltmeter.  A  voltage 
from  the  oscillator  is  injected  on  the 
grid  in  such  a  manner  that  it  is  out 
of  phase  with  the  voltage  from  the 
amplifier  when  the  spindle  coil  is 
below  electrical  center.  This  pre¬ 
vents  any  current  flow  in  the  load. 
The  second  section  of  the  6SN7GT 
is  connected  as  across  the  rectifier 
and  biased  to  give  protection  to  the 
meter.  The  output  of  the  meter  is 
linear  with  spindle  displacement 
over  the  operating  range  of  the  gage. 
This  relationship  is  shown  in  Fig.  3. 
The  meter  shown  in  the  photograph 
has  two  zero-centered  scales  which 


The  gage  stand,  showing  the  diamond-point  contact,  indicating  meter,  and  limit  lamps 


are  calibrated  directly  for  the  four 
ranges  —0.003,  =+=0.001,  —0.0003, 
and  =+=0.0001  inch. 

The  limit  control  circuit  in  Fig.  4 
provides  a  means  of  measuring 


within  predetermined  tolerances. 
This  is  a  great  advantage  in  sorting 
or  where  rapid  inspection  is  required. 

The  output  voltage  across  the 
50,000-ohm  load  resistor  (Fig.  2)  ap- 
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pears  on  the  grids  of  a  6SN7GT.  The 
cathodes  of  this  tube  are  biased 
from  a  voltage  divider  and  are  ad¬ 
justed  so  that  the  relays  operate  at 
the  desired  output  voltage  (for  a  pre¬ 
determined  value  on  the  meter  scale). 
In  actual  practice  the  operation  of 
the  limit  circuit  is  illustrated  by  the 
following  example.  If  the  diameters 
of  i-inch  roller  bearings  are  to  be 
sorted  to  within  ±0.00005  inch,  the 
gage  would  be  set  to  its  most  sensi¬ 
tive  range  (±100  microinches).  On 
this  range  each  division  represents 
10  microinches.  The  meter  pointer 
is  set  to  zero  with  a  master  roller 
under  the  spindle.  The  upper  limit 
is  then  established  by  moving  the 
needle  pointer  -f5  divisions  on  this 
scale  and  varying  R,  until  its  relay 
operates.  The  lower  limit  is  found 
by  moving  the  needle  to  —5  scale  di¬ 
visions  and  varying  until  its 
relay  pulls  in.  With  the  meter 
pointer  returned  to  zero  with  a  mas- 


FIG.  2 — The  rectifier  and  meter  protection 
circuit  is  arranged  to  simplify  the  mechani¬ 
cal  problems  in  the  gage  head.  It  also 
OToids  ambiguity  in  the  readings  by  feed¬ 
ing  a  phasing  signal  from  the  100-kc  oscil¬ 
lator  onto  the  grid  of  the  rectifier  tube 


ter  roller  under  the  spindle,  one  can 
sort  rollers  to  the  above  tolerances. 
Those  within  the  limits  cause  the 
green  light  to  operate.  Those  above 
or  below  cause  the  red  or  amber  light 
to  operate. 

Delayed  indicator  for  Sorting 

The  idea  of  limit  control  for  sort¬ 
ing  may  be  extended  so  that  the  util¬ 
ity  of  the  gage  is  increased.  The  d-c 
output  voltage  of  the  rectifier  (made 
available  at  the  back  of  the  chassis) 
can  be  used  to  actuate  another  type 
of  limit  circuit,  which  has  a  cathode- 
follower  input  driving  the  grids  of 
properly  biased  thyratrons  for  op¬ 
erating  the  lamp  indicating  relays. 
This  unit  has  a  timing  circuit  which 
permits  instantaneous  or  delayed 
lamp  indication.  The  result  is  a 
unique  method  for  very  rapid  meas¬ 
urement  with  high  repetitive  accur¬ 
acy.  The  idea  may  be  extended  to 
more  than  a  two-limit  operation,  al¬ 
lowing  the  operator  to  sort  in  sev¬ 
eral  groups  of  predetermined  toler¬ 
ances. 

The  complete  gaging  equipment  is 
illustrated.  The  gage  head  is 
mounted  on  a  moving  casting  and  is 
positioned  by  a  screw.  The  meter 
and  limit  lights  are  also  mounted  on 
this  casting.  The  design  of  the  en¬ 
tire  stand  must  be  well  balanced  if 
one  is  to  make  measurements  to  a 
few  microinches.  The  box  contains 
the  remaining  equipment.  A  one- 
milliampere  meter  with  a  large  il¬ 
luminated  face  is  used  because  both 
accuracy  and  ruggedness  are  re- 
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quired  for  many  different  operating  ^ 
conditions.  ^ 

The  performance  of  the  gage  is  il¬ 
lustrated  by  its  ability  to  maintain  | 
accuracy  under  various  tests.  Regu-  | 
lation  of  the  pow’er  supply  and  sta¬ 
bility  of  the  amplifier 'and  oscillator  | 
are  such  that  a  ±10  percent  line-volt¬ 
age  variation  produces  an  error  of  ^ 
only  2  percent  on  the  meter  when  the  |  d 
gage  is  operating  on  its  most  sensi-  | 
tive  range  (±100  microinches).  ^ 
Pressure  applied  to  the  column  or  | 
gage  head  on  the  stand  produce  de-  4 
flections  but  the  meter  returns  to  ? 
the  same  calibration  point  when  the 
pressure  is  removed. 

Surface  Intpccfion 

The  sensitivity  and  the  high  speed 
of  the  meter  also  permit  inspection 
of  surfaces.  The  variations  in  gage 
block  dimensions  can  be  quickly  de¬ 
tected,  since  changes  of  three  to  five  I 
microinches  are  readily  observed  on 
the  meter.  Thus  the  gage  may  be 
set  with  a  standard  gage  block  and 
then  used  as  a  standard.  The  tem¬ 
perature  of  the  gage  stand,  gage 
block  (or  master)  and  work  piece 
must  be  the  same  for  accurate  meas¬ 
urements.  Unless  proper  care  is  ex¬ 
ercised  heat  transmitted  from  the  op¬ 
erator’s  hand  to  the  material  to  be 
gaged  will  cause  an  error  of  several  | 
microinches. 
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FIG.  3 — The  output  roltage  from  the  recti¬ 
fier  to  the  indicating  meter  is  a  linear 
function  of  the  gage  spindle  displacement, 
but  the  curve  does  not  pass  through  the 
origin 


FIG.  4 — The  desired  limits  to  the  deviation  from  a  stondard  ore  quickly  adjusted  by 
setting  the  positions  of  potentiometers  Ri  and  Ri.  This  is  o  simple  operation  which 
can  be  rechecked  at  ony  time,  correlating  a  meter  reading  with  the  flashing  of  the 

oppropriate  limit  lamp 
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Ionosphere 

Measuring  Equipment 

The  pulse-reflection  technique  of  ionosphere  investigation 
requires  a  transmitting  and  receiving  system  which  sweeps 
the  region  from  1  to  20  megacycles  rapidly.  Equipment 
described  utilizes  a  common  oscillator  to  facilitate  tracking, 
and  broad-band  response  to  obviate  tuning 

By  P.  G.  SULZER* 

Cheyney,  Penna. 


MIXER 


MIXER 


FIG.  1 — Block  diagram  of  the  ionosphere 
sounding  equipment,  showing  the  common 
oscillator 


these  two  frequencies  is  selected  and 
amplified  in  the  transmitter.  Signals 
to  be  received  are  mixed  with  the 
output  of  the  variable  oscillator,  the 
frequency  difference  then  being  the 
receiver  intermediate  frequency 
which  is  amplified  and  detected  in 
the  usual  manner. 

In  this  instrument  the  variable  os¬ 
cillator,  converter  and  power  ampli¬ 
fier  are  tracked  by  means  of  cams. 
This  system  appears  to  have  the 
usual  disadvantages  that  are  con¬ 
nected  with  mechanical  tuning  ar¬ 


rangements.  One  very  good  charac¬ 
teristic  of  the  system,  however,  is 
the  heterodyne  scheme  which  insures 
that  the  receiver  and  transmitter  are 
always  operating  on  the  same  fre¬ 
quency. 

Another  system  currently  em¬ 
ployed  is  that  in  the  Type  249  equip¬ 
ment  of  National  Physical  Labora¬ 
tory  (British )  design,  which  uses  the 
frequency-modulation  method  of  de¬ 
veloping  pulses.®  The  transmitter  is 
tuned  rapidly  by  a  motor-driven  ro¬ 
tating  capacitor  through  the  fre- 


Experimental  model  oi  the  measuring  equipment  with  receiver,  timing  generator  and 
viewing  scope  at  the  left  and  transmitter  at  the  right 
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The  pulse  method  of  ionosphere 
investigation’  employs  a  series 
of  radio  signals  of  short  duration 
which  are  transmitted,  reflected,  and 
received,  as  in  radar.  The  pulses  are 
longer,  however,  and  the  distances 
(and  elapsed  times)  are  greater. 
Much  lower  frequencies  are  used,  as 
the  purpose  is  the  investigation  of 
the  ionospheric  characteristics  on  all 
frequencies  between  1  and  20  mega¬ 
cycles. 

It  is  necessary  to  make  measure¬ 
ments  over  the  entire  frequency 
range  in  as  short  a  time  as  possible, 
so  that  the  ionosphere  will  not 
change  noticeably  during  the  record¬ 
ing.  This  paper  describes  a  system 
which  eliminates  nearly  all  mechani¬ 
cal  problems  and  provides  perfect 
tracking  of  the  transmitter  and  re¬ 
ceiver. 

Systems  Now  in  Use 

One  system  which  is  used  in  equip¬ 
ment  developed  by  The  Bureau  of 
Standards*  has  a  pulsed  transmitter 
linked  to  a  receiver  by  a  beat-fre¬ 
quency  system.  The  output  of  a  var¬ 
iable-frequency  oscillator  is  mixed 
with  the  output  of  an  oscillator  oper¬ 
ating  at  the  intermediate  frequency 
of  the  receiver.  The  difference  of 

•  Formerly  with  the  Radio  Propapttion 
Unit,  Ilolahird  Signal  I>epot,  Baltimore,  Md. 
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FIG.  3 — Schematic  circuit  diagram  of  the  wide-hand  pulsed  transmitter 


quency  on  which  the  receiver  is  op¬ 
erating  ;  the  receiver  is  therefore  sub¬ 
jected  to  a  pulse  whose  shape  and 
duration  depend  on  the  bandwidth 
of  the  receiver  and  the  rate  of 
change  of  transmitter  frequency. 
The  portion  of  the  energy  in  the  pass 
band  of  the  receiver  which  is  radi¬ 
ated  and  returned  to  the  installation 
by  the  ionosphere  will  be  recorded  as 
a  pulse.  The  frequency  modulation 
method  as  employed  in  this  equip¬ 
ment  is  inefficient  as  compared  to 
pulse  methods  since  the  transmitter 
is  operating  continuously  and  only  a 
portion  of  the  total  received  energy 
is  utilized  by  the  receiver.  Another 
disadvantage  of  the  system  is  the 
fact  that  the  effective  pulse  width 
will  in  general  not  be  constant,  unless 
the  rate  of  change  of  the  transmitter 


frequency  is  maintained  at  a  uni¬ 
form  level  over  the  frequency  range, 
which  is  usually  not  the  case.  As  a 
result  the  height  resolution  of  the 
equipment  varies  over  the  frequency 
band  employed.  To  produce  narrow 
pulses,  the  transmitter  frequency 
must  be  varied  rapidly  across  the  re¬ 
ceiver  frequency  range  by  a  high 
speed  motor-driven  inductor  or  ca¬ 
pacitor. 


Experimental  System 

The  system  to  be  described  em¬ 
ploys  a  heterodyne  method  similar  to 
that  used  in  the  Bureau  of  Standards 
equipment  in  that  the  receiver  and 
transmitter  are  linked  by  a  beat- 
frequency  arrangement.  In  the  new 
system,  however,  complicated  tuning 
arrangements  are  avoided  by  the  use 


of  untuned  receiver  input  and  trans¬ 
mitter  circuits.  Figure  1  shows  a 
block  diagram  of  the  system.  It  will 
be  noted  that  the  common  oscillator 
(common  to  both  the  transmitter  and 
the  receiver)  is  tuned  from  31  to  50 
megacycles.  In  the  transmitter  these 
frequencies  are  mixed  with  the  out¬ 
put  of  a  30  megacycle  pulsed  oscilla¬ 
tor.  The  difference  frequency,  which 
varies  from  1  to  20  megacycles,  ex¬ 
cites  an  untuned  wide-band  ampli¬ 
fier,  which  feeds  the  antenna.  In  the 
receiver,  incoming  signals  whose  fre¬ 
quencies  vary  from  1  to  20  mega¬ 
cycles  are  mixed  with  the  31  to  50 
megacycles  from  the  common  oscil¬ 
lator.  The  difference  frequency, 
which  is  constant  at  30  megacycles, 
is  amplified  and  detected  with  a  su¬ 
perheterodyne  receiver.  Since  the 
transmitter  and  receiver  are  con¬ 
trolled  by  the  same  oscillator  they  are 
always  operating  on  the  same  fre¬ 
quency. 

The  system  under  discussion  has 
no  serious  mechanical  limitations; 
there  are  no  variable  capacitors  ro¬ 
tating  at  high  speed  and  there  are  no 
cams.  The  frequency  range  may  be 
covered  as  rapidly  as  desired,  since  it 
is  necessary  to  rotate  only  one  small 
variable  capacitor  to  tune  the  trans¬ 
mitter  and  receiver  from  1  to  20 
megacycles.  It  is  comparatively  easy 
to  obtain  high  output  power. 

There  are,  however,  two  undesir¬ 
able  features  of  the  system.  In  the 
first  place  the  untuned  receiver  input 
circuits  permit  cross-modulation 
from  local  stations,  generating  a 
series  of  interfering  voltages  at  fre¬ 
quencies  throughout  the  entire  fre¬ 
quency  range.  This  has  not  been  suf¬ 
ficiently  serious  to  prevent  good  rec¬ 
ords  from  being  obtained.  Second, 
because  the  transmitter  is  untuned  a 
large  number  of  stages  of  amplifica¬ 
tion  is  necessary  to  obtain  high 
power.  This  does  not  seriously  de¬ 
crease  the  overall  efficiency. 

Basic  Units  of  N«w  System 

The  experimental  model  of  the  sys¬ 
tem,  which  will  be  described  below, 
consists  of  five  basic  units ;  the  com¬ 
mon  oscillator,  transmitter,  receiver, 
time  base,  and  indicator.  As  illus¬ 
trated  in  Fig.  2,  the  common  oscil¬ 
lator  uses  a  6J5  tube  connected  in 
the  cathode-tap  Hartley  circuit.  Volt¬ 
age  from  the  cathode  drives  the  buf¬ 
fer  6AG7  isolating  the  oscillator 
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4 — Circiiit  diagram  oi  the  wide-band  receiver  used  to  measure  the  delay 
between  the  transmitted  signal  and  that  reflected  from  the  ionosphere 
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FIG.  5 — Timing  circuits  used  to  trigger  the  transmitter  and  provide  time  marks 


electronics 


which  is  enough  to  excite  the  4-250A  the  first  30-megacycle  i-f  stage  by 
stage,  which  is  a  pulsed  class-A  am-,  tapping  the  grid  down  on  the  coil,  as 
plifier.  Normally  the  time  base  sup-  shown  in  the  diagram.  The  30-mega- 
plies  sufficient  bias  for  plate  current  cycle  i-f  amplifier  consists  of  two 
cutoff;  when  the  transmitter  is  stages  employing  6AC7  tubes.  The 
pulsed  the  bias  is  —10  volts  and  gain  of  the  receiver  is  controlled  by 
each  tube  draws  600  milliamperes  of  varying  the  screen  voltage  of  the  sec- 
plate  current  on  peaks.  Continuous  ond  stage.  Following  these  is  the 
operation  under  these  conditions  6K8  second  converter,  which  changes 
w’ould,  of  course,  be  out  of  the  ques-  the  i-f  to  1.6  megacycles.  Then  there 
tion  because  of  plate  dissipation  and  is  one  6AC7  i-f  stage  at  the  1.6  mega¬ 
power  supply  limitations.  The  cycle  frequency.  Following  it  is  a  de- 
4-250-A’s  drive  the  final  amplifier,  tector  using  one  section  of  a  6H6,  the 
push-pull  304TL’s,  which  have  a  plate  other  half  of  which  is  used  as  a  limi- 
supply  of  5,000  volts  and  a  normal  ter.  The  bandwidth  of  the  receiver 
grid  bias  of  —1,000  volts.  This  is  de-  is  20  kilocycles  for  3  db  down,  while 
creased  to  —50  volts  when  the  trans-  the  sensitivity  is  better  than  1  micro- 
mitter  pulses,  and  each  plate  draws  volt  for  1-volt  output  over  the  entire 
2.5  amperes  peak  current  during  the  frequency  range, 
pulse.  The  load  on  this  stage  is  a  The  present  experimental  model 
vertically  directed  rhombic  antenna,  receiver  is  not  entirely  satisfactory 
w’hich  presents  an  average  impe-  for  the  following  reasons :  low  sensi- 
dance  of  800  ohms  over  the  fre-  tivity  between  1  and  2  megacycles; 
quency  range  used.  The  power  out-  cross  modulation  between  the  corn- 
put  at  1  megacycle  is  7  kw  peak  in  a  mon  oscillator  and  harmonics  of  the 
1,000-ohm  load,  decreasing  to  1  kw  at  receiver  local  oscillator  used  to  con- 
20  megacycles.  vert  to  1.6  megacycles  (Result  is 

many  dead  spots  across  the  band. 

Receiver  Design  This  effect  could  probably  be  elimi- 

The  receiver.  Fig.  4,  is  a  double  nated  by  better  shielding), 
intermediate  frequency  superhetero¬ 
dyne.  The  first  detector  uses  a  6J6 
operated  as  a  balanced  mixer.  Volt¬ 
age  from  the  common  oscillator  is 
applied  to  the  cathodes  of  this  tube 
in  parallel,  while  the  incoming  sig¬ 
nals  are  applied  to  the  grids  in  push- 
pull.  The  plates  are  also  connected  in 
push-pull,  with  the  plate  coil  induc¬ 
tively  coupled  to  the  first  i-f  grid  cir¬ 
cuit.  It  was  found  that  cross  modu¬ 
lation  from  stations  operating  in  the 
broadcast  band  was  serious  in  this 
stage,  and  it  was  necessary  to  use 
a  high-pass  filter  to  decrease  the 
strength  of  these  signals.  In  its 
present  form  this  is  merely  the  shunt 
coil  shown  in  the  diagram,  which 
also  acts  as  a  transformer  to  con¬ 
nect  the  receiving  antenna  to  the 
mixer  grids.  Like  the  transmitter, 
the  receiver  also  uses  a  vertically 
directed  rhombic  antenna.  It  was 
found  that  the  sensitivity  of  the 
first  receiver  model  was  very  poor 
below  2  megacycles.  This  was  caused 
by  the  blocking  of  the  first  i-f  stage 
by  the  common  oscillator,  which  is 
near  the  30-megacycle  i-f  when  the 
equipment  is  working  in  this  fre¬ 
quency  range.  The  sensitivity  was 
improved  by  increasing  the  selectiv¬ 
ity  of  the  tuned  circuit  in  the  grid  of 
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FIG.  6 — Simplified  schematic  diagram  showing  the  signal  inputs  to  the  plates  of  the 
cothode-ray  tube  indicator  used  to  display  the  ionosphere  choracteristic  information 
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increasing  its  intensity  during  the 
sweep. 

The  transmitter  pulsing  circuit 
uses  the  so-called  bootstrap  amplifier, 
used  in  the  modulators  of  some  of 
the  early  loran  and  radar  transmit¬ 
ters.  The  60-cycle  square  wave  from 
the  plate  of  V,*  is  differentiated  and 
used  to  drive  the  grid  of  Vs,  an  am¬ 
plifier,  with  an  output  of  positive 
pulses.  These  are  passed  through  V^, 
a  diode,  to  the  grid  of  V,o,  a  thyra- 
tron.  This  tube  effectively  connects 
a  charged  artificial  transmission  line 
across  a  load  resistance.  The  dis¬ 
charge  of  the  line  is  in  the  form  of  a 
positive  rectangular  pulse,  whose  du¬ 
ration  depends  on  the  constants  of 
the  line.  The  pulse  is  applied  between 
the  control  grid  and  cathode  of  F,,, 
the  modulation  tube,  which  has  its 
load  resistance  in  its  cathode  circuit. 
The  output  is  a  positive  pulse  of 
1,000  volts  amplitude,  which  is  used 
to  pulse  the  power  amplifier.  The 
modulator  might  at  first  appear  to  be 
a  cathode  follower;  there  is,  however, 
no  degenerative  action,  since  cath¬ 
ode  voltage  is  not  subtracted  from 
the  driving  voltage.  The  thyratron, 
with  its  associated  circuits,  follows 
the  cathode  potential  of  the  modu¬ 
lator  hence  the  name  bootstrap. 
There  are  two  other  pulse  outputs, 
obtained  from  a  tap  on  the  modulator 
load.  The  amplitudes  of  these  pulses 
are  controlled  by  the  two  halves  of 
Ws,  which  are  connected  as  diode  lim¬ 
iters.  One  of  these  pulses  operates 
the  30  megacycle  oscillator  in  the 
transmitter,  while  the  other  controls 
the  4-250-A  stage. 

When  the  cathode  of  the  modu¬ 
lator  goes  positive,  the  cathode  and 
plate  of  the  thyratron  also  go  posi¬ 
tive.  If  the  grid  of  the  thyratron 
were  connected  directly  to  the  pulse 
circuits  of  F:,,,  it  would  remain 
negative  for  a  time,  and  would  be 
bombarded  by  positive  ions.  The 
combination  of  the  diode  Fo,  and  va¬ 
rious  decoupling  resistors  allows  the 
grid  to  go  positive  also,  preventing 
this  bombardment. 

The  indicator.  Fig.  6,  uses  a 
K1003P7  12-inch  cathode-ray  tube, 
with  a  total  accelerating  voltage  of 
10,000.  Video  signals  from  the  re¬ 
ceiver  and  height  markers  from  the 
time  base  are  applied  to  its  grid  with 
positive  polarity.  The  cathode-ray 
tube  is  gated  by  means  of  negative 
pulses  applied  to  its  cathode.  The 
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FIG.  7 — Photographs  oi  cathode-ray  tube 
patterns  obtained  with  the  ionosphere 
measuring  equipment.  Layer  heights  are 
plotted  vertically  and  frequency  horizon¬ 
tally 

vertical  deflection  amplifier,  which 
is  driven  by  voltage  from  the  poten¬ 
tiometer  in  the  common  oscillator 
unit,  uses  a  pair  of  807’s  in  push-pull. 
It  was  necessary  to  use  direct  coup¬ 
ling  between  these  tubes  and  the 
horizontal  deflection  plates  because 
of  the  low  sweep  frequency  used 
(1/30-second).  Positioning  is  ob¬ 
tained  by  varying  a  positive  bias  on 
the  control  grid  of  one  of  the  807’s; 
this  system  is  similar  to  that  used 
in  some  DuMont  oscilloscopes.  The 
vertical  deflection  amplifier,  which 
uses  6V6’s,  is  driven  by  the  sweep 
output  of  the  time  base.  Positioning 
is  obtained  in  this  case  by  the  usual 
dual  potentiometer. 

Recording  Ionosphere  Characteristics 

The  record  now  obtained  in 
ionosphere  sounding  usually  takes 
the  form  of  an  h'-f  curve,  in  which 
the  vertical  heights  h'  are  plotted  as 
a  function  of  frequency  /.  These 
data  are  normally  recorded  on  film  or 
paper.  In  the  new  equipment  per¬ 
manent  records  have  not  been  made 
automatically,  although  there  is  un¬ 
der  development  a  system  for  doing 
this.  The  h'-f  curve  appears  on  the 
screen  of  a  long-persistence  cathode- 


ray  tube.  The  vertical  sweeps  take 
place  every  1/60-second,  and  have 
durations  of  3,300  or  6,600  microsec¬ 
onds,  to  give  full-scale  virtual 
heights  of  500  or  1,000  kilometers. 
The  vertical  sweep  line  is  moved 
across  the  face  of  the  tube  as  the  fre¬ 
quency  changes,  giving  a  two-dimen¬ 
sional  record.  Although  automatic 
photographic  recording  has  not  yet 
been  provided,  it  is  possible  to  take 
time-exposure  photographs  of  the 
runs,  a  few  of  which  are  included  in 
Fig.  7.  The  height  markers  appear 
as  horizontal  lines,  while  the  fre¬ 
quency  markers  are  dots  along  the 
bottom  of  the  record. 

The  record  marked  13:00  shows 
the  layers  that  usually  appear  during 
the  day.  Proceeding  from  left  to 
right,  the  E-layer  starts  at  3  mega¬ 
cycles  and  extends  slightly  past  4. 
The  increase  in  height  from  100  kilo¬ 
meter  to  140  indicates  an  E  critical 
frequency.  Immediately  above  this 
the  Fi  layer  starts  at  a  height  of  220 
kilometers.  The  height  decreases 
slightly  as  the  frequency  is  raised, 
and  then  increases  to  260  kilometers 
at  5  megacycles;  this  is  the  F^  criti¬ 
cal  frequency.  From  here  on  the 
record  shows  F,  layer  which  splits  at 
7.5  megacycles  because  of  the  earth’s 
magnetic  field.  There  are  two  critical 
frequencies  associated  with  this,  the 
ordinary  at  8.5  megacycles  and  the 
extraordinary  at  9.2  megacycles.  The 
Fi  layer  is  frequently  split,  but  that 
does  not  appear  on  this  record.  A 
multiple  reflection  may  be  seen  above 
the  Fi  and  Fa  regions.  In  this  case 
the  down-coming  echo  has  been  re¬ 
flected  by  the  earth  and  makes  one 
more  trip  up  and  down.  The  vertical 
lines  are  interference  from  stations 
in  the  operating  range  of  the  equip¬ 
ment. 

The  writer  wishes  to  acknowledge 
the  cooperation  of  the  Department  of 
Terrestrial  Magnetism,  Carnegie  In¬ 
stitution  of  Washington,  whose  facil¬ 
ities  were  used  in  the  construction 
and  testing  of  the  equipment. 
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AUDITORY  PERCEPTION 

By  JOHN  D.  GOODELL  and  B.  M.  H.  MICHEL 

The  Minnesota  Electronics  Corporation,  8t.  Paul,  Minn. 


Factors  affecting  design  and  use  of  inverse  volume-expansion  circuits,  bandpass  and  cut¬ 
off  filters,  tone  controls,  and  other  methods  of  obtaining  system  response  having  a  subjective 
effect  that  approaches  true  high-fidelity  reproduction  indistinguishable  from  original  sounds 


IN  discussions  of  fidelity,  intel¬ 
ligibility,  and  related  subjects, 
it  is  important  to  differentiate  be¬ 
tween  loudness  and  intensity.  The 
former  is  a  subjective  effect,  and 
the  latter  a  physical  measure  of 
energy.  The  ear  is  affected  by  a 
change  in  pressure  and  transmits 
an  indication  of  such  change  to  the 
brain.  The  accuracy  of  the  report 
is  limited  to  a  relatively  short  range 
of  frequencies,  by  definite  ratios  of 
intensities  and  other  considerations. 

Loudness  is  also  affected  by  many 
factors  other  than  intensity.  With 
single-cycle  impulses,  the  loudness 
experienced  by  an  observer  will 
vary  greatly  with  the  wave  form. 
If  the  change  in  pressure  is  too  slow 
or  too  fast,  the  ear  is  incapable  of 
audio  perception  regardless  of  the 
intensity.  With  continuous  tones 
the  minimum  time  for  a  repetitive 
change  in  pressure  to  be  perceptible 
to  the  ear  is  approximately  50  mi¬ 
croseconds  (2  kc  per  sec).  A  con¬ 
tinuous  tone  of  constant  peak  am¬ 
plitude  will  approximately  quad¬ 
ruple  in  loudness  as  the  frequency 
is  increased  from  20  to  60  cps.  The 
audible  frequency  spectrum  is  de¬ 
fined  by  these  characteristics. 

A  single-cycle  sine  wave  can  be 
shown  to  contain  harmonic  compo¬ 
nents  infinite  in  number.  The  num¬ 
ber  of  overtones  varies  inversely 
with  the  number  of  successive 
cycles  so  that  a  sine  wave  tone  must 
be  of  infinite  duration  to  be  devoid 
of  harmonic  content.- 

In  reporting  the  loudness  of  a 
single  cycle,  the  ear  still  functions 
as  a  frequency  analyzer.  This  has 
been  demonstrated  by  computing 
the  Fourier  components  of  a  single¬ 
cycle  complex  wave,  evaluating  each 


in  terms  of  the  frequency-vs-inten- 
sity  curves  of  the  ear  and  arriving 
at  a  value  closely  approximating  the 
actual  loudness  experienced  by  an 
observer.^ 

Loudness  versus  Frequency 

The  fact  that  the  relative  loud¬ 
ness  response  of  the  ear  to  various 
frequencies  is  not  constant  at  all 
intensity  levels  is  of  major  impor¬ 
tance  in  music  reproduction.  It  is 
well  known  that  the  subjective  ef¬ 
fect  of  music  reproduced  with  a  fiat 
frequency  response  cannot  be  the 
same  as  the  effect  of  the  original 
unless  the  intensities  are  equal. 
This  is  one  reason  for  the  use  of 
tone  controls. 

There  are  many  other  factors 
that  contribute  to  the  total  effect, 
such  as  the  familiar  fact  that  loud¬ 
speakers  have  too  much  inertia  and 
mechanical  damping  to  permit  suf¬ 
ficient  swing  for  proper  low-fre¬ 
quency  response  to  signals  of  small 
amplitude.  The  inertia  of  the  aver¬ 
age  listener  is  also  important,  for 


UNDERSTANDING  THE  EAR 

The  human  ear  is  a  living,  electrically 
active  microphone  with  changing  re¬ 
sponse  characteristics  that  place  a 
limitation  on  the  audible  communica¬ 
tion  of  intelligence.  Because  a  high 
percentage  of  those  in  the  electronic 
industry  are  concerned  with  sound 
reproduction  devices,  an  understand¬ 
ing  of  human  hearing  and  its  rela¬ 
tion  to  various  types  of  tone-com¬ 
pensating  arrangements  is  an  aid  in 
evaluating  and  solving  problems  en¬ 
countered  in  perfecting  audio  trans¬ 
mission  and  reproduction  systems. 


most  people  will  not  bother  to  ad¬ 
just  a  variety  of  controls. 

The  trend  in  all  phases  of  re¬ 
ceiver-phonograph  design  is  toward 
reducing  operating  requirements  to 
a  minimum.  Most  methods  de¬ 
veloped  to  date  are  inadequate,  not 
only  because  many  are  incapable  of 
sufficient  compensation  but  also  be¬ 
cause  the  equipment  is  not  cali¬ 
brated  in  terms  of  the  actual  varia¬ 
tion  in  subjective  frequency  re¬ 
sponse  at  different  intensity  levels, 
and  few  are  automatic.  Further¬ 
more,  it  requires  a  great  deal  of 
experience  and  knowledge  to  adjust 
tone  controls  properly,  even  when 
they  are  correctly  calibrated.  This 
problem  is  worthy  of  serious  con¬ 
sideration,  for  most  observers  will 
consider  correct  compensation  of 
this  kind  a  greater  contribution  to 
faithful  reproduction  of  the  sub¬ 
jective  experience  than  many  refine¬ 
ments  of  fidelity  commonly  treated 
as  having  greater  importance. 

Tone  Control 

It  is  an  unfortunate  fact  that  too 
few  engineers  and  technicians  have 
done  sufficient  critical  listening  to 
live  music  to  acquire  a  valid  basis 
on  which  to  judge  reproducing  sys¬ 
tems.  Every  person  engaged  in 
this  industry  should  make  a  prac¬ 
tice  of  occasionally  attending  sym¬ 
phonies  and  listening  to  live  dance 
bands,  with  a  conscious  effort 
toward  improving  his  audio  dis¬ 
crimination.  A  general  broadening 
of  perspective  and  appreciation  of 
tonal  range  on  the  part  of  the  men 
responsible  for  the  design  of  audio 
systems  will  do  much  to  defeat  the 
tendency  to  be  too  easily  pleased. 

The  literature  is  replete  with 
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FIG.  1 — InTerse  Toliime-expansion  circuit  ior  outomatic  tone  control  compensates  for 
changes  in  the  response  of  the  human  ear  at  different  intensity  lerels 


tone  control  circuits  varying  from 
simple  capacitive  shunts  to  resonant 
chokes  and  three-channel  filter  sys¬ 
tems.  A  discussion  of  these  is  not 
within  the  scope  of  this  article,  but 
it  is  pointed  out  that  the  successful 
design  of  any  frequency  compensa¬ 
tion  system  requires  a  full  under¬ 
standing  of  the  actual  frequency 
distortion  that  requires  correction. 
If  it  must  be  accomplished  at  mini¬ 
mum  cost,  then  at  least  the  most 
nearly  satisfactory  values  of  RC 
filter  networks  should  be  selected. 
Too  often  a  designer  casually  writes 
in  a  0.1-/tf  shunting  capacitor  with¬ 
out  troubling  to  seek  optimum 
values.  Actually  there  are  many 
tone  control  systems  using  nothing 
more  than  RC  filters  that  do  accom¬ 
plish  excellent  results. 

Many  different  methods  may  be 
used  to  produce  automatic  frequen¬ 
cy  compensation  at  varying  output 
levels.  The  simplest  is  a  capacitive 


shunt  across  the  low-level  section 
of  the  audio  input  potentiometer. 
Other  systems  have  been  operated 
by  mechanical  coupling  of  volume 
and  tone  controls.  This  category 
of  approach  to  the  problem  would 
be  more  satisfactory  if  signal  in¬ 
puts  were  constant  and  the  output 
entirely  dependent  on  the  so-called 
volume  control.  Any  completely 
satisfactory  system  must  depend  on 
the  magnitude  of  the  signal  in  cir¬ 
cuits  beyond  all  level  control  de¬ 
vices. 

Inverse  Volume  Expansion  Circuit 

One  solution  based  on  inverse 
volume  expansion  in  the  high  and 
low  channels  is  illustrated  in  the 
circuit  of  Fig.  1.  The  values  given 
are  strictly  experimental,  and  the 
final  selection  of  components  must 
depend  on  the  judgment  of  the  de¬ 
signer  and  the  requirements  of 
specific  applications.  The  filters 


are  affected  by  associated  circuit 
components,  and  although  the 
values  indicated  provide  a  satis¬ 
factory  experimental  starting  point, 
the  most  desirable  networks  to  use 
will  vary  considerably.  It  is  neces¬ 
sary  to  isolate  the  channels  in  order 
to  avoid  inter-shunting  action,  par¬ 
ticularly  if  both  high  and  low  com¬ 
pensation  is  employed. 

The  input  signal  is  divided  into 
high,  straight-through,  and  low- 
frequency  channels.  The  straight- 
through  channel  is  entirely  conven¬ 
tional  for  flat  overall  frequency 
response.  The  principles  of  opera¬ 
tion  in  the  high  and  low  channels 
are  the  same,  and  only  the  action 
of  the  low  channel  is  described  here. 

All  but  the  low-frequency  compo¬ 
nents  of  the  signal  are  filtered  out, 
and  the  remaining  voltage  is  de¬ 
veloped  across  potentiometers  i2, 
and  i?2  in  the  control  grid  circuits 
of  F,  and  Fu.  The  signal  is  shifted 
180  degrees  in  phase  by  Fu,  and 
this  output  is  applied  across  Ra  in 
the  grid  circuit  of  F*.  The  signals 
on  the  grids  of  F,  and  F*  are  now 
identical  in  frequency  content  but 
180  degrees  out  of  phase.  The  out¬ 
puts  of  these  tubes  are  mixed  in  the 
plate  circuits  and  cancellation  takes 
place.  Controls  /?„  R„  and  R,  may 
be  set  so  that  the  output  of  the  low- 
frequency  channel  is  zero. 

A  portion  of  the  unfiltered  input 
signal  is  developed  across  i2«,  ampli¬ 
fied  by  Fg  and  rectified  by  F^  to  sup¬ 
ply  the  screen  voltage  for  Fu.  Thus 
the  gain  of  Fu  depends  on  the 
magnitude  of  the  input  signal  to 
the  system.  This  means  that  when 
the  input  to  the  system  diminishes, 
the  signal  on  the  control  grid  of  Fu 
will  decrease  and  the  screen  voltage 
also  will  go  down.  Thus  the  out¬ 
put  of  Fu  to  Fg  will  go  down  pro¬ 
portionally  more  with  decreased 
drive  to  the  system  than  will  the  in¬ 
put  to  Ft. 

If  the  various  controls  are  ad¬ 
justed  for  zero  output  from  the  low- 
frequency  channel  when  the  input 
is  at  a  very  high  level,  then  any 
decreased  drive  will  result  in  lower¬ 
ing  the  output  of  Fg  more  than  Ft. 
Only  partial  cancellation  will  take 
place,  and  some  output  will  appear 
from  the  low-frequency  channel. 
The  output  of  this  channel  will,  in 
fact,  vary  inversely  with  the  input 
to  the  overall  system.  The  rapidity 
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with  which  the  bass  channel  will 
follow  changes  in  overall  level  de¬ 
pends  on  the  time  constant  of  the 
screen  supply  circuit  for  Fu.  The 
rate  at  which  bass  boost  will  take 
place  is  varied  by  the  setting  of  i?«. 

Treble  and  Bats  Channel  Adjustments 

In  the  initial  adjustment  of  the 
output  from  the  treble  and  bass 
channels  at  high  level,  it  may  be 
desirable  to  set  them  at  some  value 
other  than  zero  output  in  order  to 
effect  permanent  compensation  for 
inherent  faults  in  associated  cir¬ 
cuits,  the  acoustic  environment,  or 
the  taste  of  the  listener.  The  con¬ 
trols  and  principles  by  which  these 
compensation  circuits  operate  per¬ 
mit  great  flexibility  in  adjustment 
and  application. 

For  example,  in  disc  recording  it 
is  necessary  to  compress  the  input 
to  the  cutting  head  in  order  to  avoid 
overlapping  between  grooves  during 
heavy  passages.  Actually,  only  the 
low-frequency  swings  are  broad 
enough  to  require  this  dynamic 
compression.  The  problem  may  be 
solved  automatically  with  the  cir¬ 
cuit  of  Fig.  1,  providing  the  low  fre¬ 
quencies  are  eliminated  from  the 
straight-through  channel.  At  a 
moderate  driving  signal  to  the  sys¬ 
tem,  the  signals  on  the  grids  of  Vj 
and  Fa  are  adjusted  so  that  the  out¬ 
put  of  Ft  is  of  sufficiently  greater 
amplitude  than  that  of  Fa  for  a 
normal  percentage  of  low  frequen¬ 
cies  to  pass  through  the  system.  As 
the  input  drive  to  the  entire  circuit 
increases,  the  signal  to  V»  grows 
proportionally  more  than  the  signal 
to  Ft,  a  higher  percentage  of  can¬ 
cellation  takes  place,  and  the  rela¬ 
tive  output  of  low  frequencies  is 
compressed. 

PossibI*  Circait  Simplifications 

Under  playback  conditions  the 
initial  adjustment  is  made  at  the 
same  moderate  input  level,  but  Fg 
is  set  higher  than  Ft.  Thus,  Fg 
provides  the  output  signal  and  Ft 
the  cancellation.  As  the  input  drive 
to  the  system  increases,  the  output 
of  F,  goes  up  proportionally  more 
than  Ft  and  expansion  of  the  low- 
frequency  output  is  obtained.  In 
practice,  these  settings  should  be 
accomplished  by  switching  arrange¬ 
ments  and  fixed  values. 

In  the  design  of  commercial  ra¬ 


dio-phonographs  where  economic 
considerations  are  important,  a 
number  of  simplifications  suggest 
themselves.  If  the  screen  supply 
for  Fu  is  taken  from  a  point  far 
enough  along  in  the  audio  amplifier, 
F,  may  be  eliminated.  Another 
arrangement  with  fewer  compo¬ 
nents  uses  the  circuit  consisting  of 
F#,  Fio,  and  Fu  for  a  middle-fre¬ 
quency  band-pass  channel  with  the 
bass  and  treble  channels  consisting 
of  conventional  amplifiers.  In  such 
an  arrangement  the  output  of  the 
band-pass  channel  may  be  made  to 
vary  proportionally  more  with 
changes  in  the  basic  input  signal 
than ‘the  bass  and  treble  channels. 
In  other  words,  the  middle  frequen¬ 
cies  would  show  a  greater  per¬ 
centage  change  with  a  change  in 
drive  than  either  high  or  low-fre¬ 
quency  components,  effectively  pro- 


FIG.  2 — Curves  showing  how  response  oi 
human  ear  varies  with  intensity  of  sound. 
Each  curve  is  for  a  definite  loudness  sensa¬ 
tion  to  the  ear,  and  shows  the  actual  in¬ 
tensity  in  db  above  threshold  required  to 
produce  that  loudness  sensation  at  various 
frequencies.  The  curves  were  obtained  in 
each  case  by  starting  with  a  desired  loud¬ 
ness  sensation  (40.  60.  80,  and  100  db)  at 
1000  cps.  hence  in  each  case  sensation  and 
intensity  are  the  some  at  this  reference 
frequency 

ducing  automatic  frequency  com¬ 
pensation. 

Another  circuit  using  only  two 
additional  tubes  operates  on  the 
variation  of  input  capacitance  that 
may  be  obtained  with  a  variation 
in  gain.  The  input  capacitance  of 
an  audio  stage  is  increased  deliber¬ 
ately  with  a  low-value  capacitor 
from  grid  to  plate.  The  input  capac¬ 
itance  is  equal  to  C,*  +  (X  + 
1),  where  K  is  the  actual  gain  of 
the  stage.  By  applying  amplified  avc 
to  this  tube,  the  input  capacitance 


may  be  made  to  vary  over  a  fairly 
wide  range.  As  the  output  signal 
decreases,  the  avc  bias  to  the  tube 
goes  down,  causing  an  increase  in 
gain  and  a  consequent  increase  of 
the  input  capacitance.  Thus  the 
high  frequencies  are  increasingly 
shunted  as  the  output  decreases  and 
a  relative  increase  in  bass  response 
is  obtained. 

Countless  other  methods  will  sug¬ 
gest  themselves  to  the  ingenious 
designer.  The  important  emphasis 
is  on  the  need  for  automatic  fre¬ 
quency  compensation  circuits  in 
the  inevitable  trend  toward  more 
consistent  faithful  reproduction. 

Speech-Music  Switches 

The  preceding  discussion  refer¬ 
red  only  to  bass  and  treble  boost¬ 
ing  circuits.  The  opposite  effect 
is  sometimes  desirable,  but  with 
reference  to  speech-music  switches 
the  following  report  is  of  interest. 
Forty  observers,  two  experienced 
radio  announcers,  and  two  untrain¬ 
ed  speakers  took  part  in  an  investi¬ 
gation  made  under  various  acoustic 
conditions  with  a  wide  variety  of 
electronic  facilities  available.  The 
results  were  conclusive  in  determin¬ 
ing  that  (1)  with  frequency  com¬ 
pensation  introduced  to  provide 
faithful  music  reproduction,  speech 
was  both  intelligible  and  pleasing, 
elimination  of  low  frequencies  de¬ 
finitely  detracted  from  the  pleasing 
quality  of  speech  without  a  signif¬ 
icant  contribution  to  intelligibility, 
and  (2)  with  over-compensation  of 
the  bass  channel,  or  broad  capaci¬ 
tive  shunting  of  highs,  speech  was 
neither  intelligible  nor  pleasing. 
Reducing  low-frequency  compo¬ 
nents  from  these  arrangements  def¬ 
initely  increased  intelligibility. 

In  all  of  these  experiments  the 
observers  constantly  emphasized 
the  natural  voice  qualities  in  the 
setup  where  no  change  was  made 
from  speech  to  music.  It  seems  ap¬ 
parent  from  the  above  that  speech- 
vs-music  compensation  is  necessary 
and  desirable  only  in  poor-quality 
systems,  devices  with  rainbarrel 
resonance,  and  under  circumstances 
where  the  signal  source  is  faulty. 
Most  speech-music  switches  defeat 
the  purpose  of  selecting  radio  an¬ 
nouncers  and  speakers  in  terms  of 
pleasing  voice  qualities.  The  prob¬ 
lem  is  not  the  same  as  in  telephone 
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TABLE  I.  DEFINITIONS  OF  MUSICAL  TERMS 


BRIGHTNESS  — An  attribute  assigned  to  a  tone,  expressing  the  content  et 
upper  harmonics  and  also  varying  directly  with  intensity  and  frequency.  The 
term  density  Is  often  used  synonymously. 

FREQUENCY  — An  objective  measurement  of  the  number  of  cycles  in  a 
unit  of  time.  (Should  not  be  used  synonymously  with  pitch.) 

INTENSITY  — A  physical  measure  of  the  magnitude  of  acoustic  force. 

LOUDNESS  -A  subjective  observation  of  intensity.  The  perception  of  loud¬ 
ness  also  varies  with  frequency. 

PITCH  -A  subjective  observation  of  sound,  varying  directly  with  frequency 
This  experience  is  also  affected  by  the  Intensity  of  the  sound.  At  low  fre¬ 
quencies  pitch  varies  directly  with  intensity,  and  at  high  frequencies,  Inversely 


or  long-range  radio  communication 
where  intelligibility  is  the  only  im¬ 
portant  factor. 

Figure  2  consists  of  a  graphic 
representation  of  the  results  ob¬ 
tained  with  twenty  observers  with 
normal  hearing  in  a  study  of  in¬ 
tensity  vs  frequency  for  equal  loud¬ 
ness.  These  figures  agree  reason¬ 
ably  well  with  those  published  by 
other  investigators.*  It  is  recog¬ 
nized  that  subjective  measurements 
are  inherently  divergent  between 
experimental  results  as  compared 
with  instrumental  observations  of 
physical  quantities.  However,  for 
the  establishment  of  compensation 
requirements,  this  information  is  a 
valid  and  important  aid.  It  is  evi¬ 
dent  that  low-frequency  compensa¬ 
tion  must  be  of  greater  magnitude. 
However,  the  importance  of  high- 
frequency  compensation  is  not  pro¬ 
portional  to  the  amount  required. 

Cutoff  Filters 

In  the  elimination  of  high-  and 
low-frequency  distortion,  extrane¬ 
ous  interference,  and  needle  scratch,  • 
it  is  common  practice  to  use  filters 
with  a  sloped  characteristic.  This 
is  typical  of  capacitive  shunt  tone 
controls.  In  eliminating  the  high 
frequencies,  the  upper  middle-range 
frequencies  are  partially  shunted 
and  the  result  is  muddy  and  un¬ 
desirable.  The  sharp  cutoff  type 
of  filter  is  very  much  more  satis¬ 
factory.  The  average  observer  is 
greatly  irritated  by  high-frequency 
noise,  and  the  general  impression 
that  the  public  does  not  like  highs 
may  be  partially  attributed  to  this 
condition.  The  result  is  that  most 
listeners  sacrifice  clarity  to  avoid 
hash  and  listen  perpetually  to  re¬ 
production  of  considerably  lower 
fidelity  than  was  intended  by  the 
designer  of  the  equipment. 

Tone  controls  designed  to  elimi¬ 
nate  high-frequency  distortion 
.should  be  stepped  rather  than  con¬ 
tinuously  variable.  Sharp  cutoff 
at  various  frequencies  may  be  ob¬ 
tained  in  many  ways.  Perhaps  the 
ideal  method  is  to  use  a  three-  or 
four-section  filter  with  each  section 
resonated  to  discriminate  against 
a  band  approximately  1,500  cycles 
wide.  Thus,  for  5,000-cycle  cutoff 
the  first  section  would  be  tuned  to 
eliminate  from  5,000  to  6,500,  the 
.second  from  6,500  to  8.000,  and  so 


on.  Such  filters  may  be  very  sharp¬ 
ly  tuned.  Inductances  are  usually 
required,  which  increases  the  cost 
and  introduces  the  problem  of  hum 
pickup. 

A  less  expensive  method  is  to  use 
several  shunting  capacitors  between 
successive  stages.  For  eliminating 
low  frequencies,  the  combination  of 
small  cathode  and  screen  bypass 
capacitors  in  cascaded  stages,  as 
well  as  a  lower  value  of  coupling 
capacitor,  may  be  used  to  produce 
abrupt  attenuation  at  a  selected  fre¬ 
quency. 

The  successful  design  of  sharp- 
cutoff  filters  of  either  high-  or  low- 
pass  types  requires  careful  calcula¬ 
tion  and  experiment.  When  the  re- 
.sults  are  considered  in  terms  of  the 
improvement,  not  merely  in  how 
well  the  set  may  be  operated  but  in 
the  way  it  will  be  operated  by  the 
average  user,  the  added  coat  may 
be  well  worthwhile  even  in  commer¬ 
cial  equipment  which  is  moderately 
priced. 

Harmonic  Distortion 

There  is  experimental  evidence 
that  less  distortion  can  be  tolerated 
aflow  levels  than  at  high  outputs. 

quantitative  knowledge  of  these 
effects  is  a  valuable  guide  in  de- 
terming  the  distortion  limits  allow¬ 
able  in  various  applications  of  re¬ 
producing  equipment. 

Harmonics  are  generated  to  an 
important  degree  by  the  structures 
of  the  ear.  The  magnitude  of  this 
distortion  may  be  conceived  from 
an  examination  of  Fig.  3  which 
shows  curves  representing  data 


derived  by  Fletcher.*  If  a  pure  sine 
wave  is  generated  at  high  intensity, 
the  second  and  third  harmonics  pro¬ 
duced  by  the  ear  itself  may  be  dis¬ 
tinguished  by  the  central  nervous 
system.  Even-order  harmonics  rise 
in  magnitude  with  increasing  in¬ 
tensity  of  the  stimulus  up  to  a  cer¬ 
tain  point  and  then  tend  to  decrease. 
Odd  harmonics  flatten  out  at  their 
maximum  and  do  not  diminish  at 
higher  intensities  of  stimulation. 
It  is  evident  from  this  that  the  ear 
departs  from  symmetry  at  a  certain 
low  level  (about  50  db  above  thr 
threshold  of  hearing),  and  then 
tends  to  return  to  symmetry  at 
.some  high  level  (around  100  db). 
The  nonlinearity  which  produces 
odd  harmonics  increases  steadily 
and  remains  at  maximum.  Perhaps 
the  most  important  point  is  that 
both  odd  and  even  harmonics  under¬ 
go  an  effect  of  volume  expansion  as 
the  intensity  of  stimulation  is  in¬ 
creased  from  approximately  50  to 
100  db.  In  other  words,  they  var.\ 
directly  and  exponentially  with 
.stimulus  intensity  over  that  range. 

These  characteristics  have  been 
determined  more  rigorously  than 
most  measurements  concerned  with 
hearing.  Fletcher  and  others  have 
presented  evidence  based  on  the 
subjective  observation  of  beat  note.< 
produced  from  aural  harmonics 
beating  with  acoustic  tones.  In 
this  technique  the  ear  is  stimulated 
with,  say,  a  1,000-cps  tone.  The 
fourth  harmonic  w'ould  be  4,000  cps. 

second  stimulating  tone  is  intro¬ 
duced  at  a  frequency  somewhat 
higher  or  lower  than  4.000  cps.  and 
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FIG.  3 — RelatiTe  loudness  of  harmonics  generated  by  the  human  ear  when  a  stimu¬ 
lant  200-cps  tone  is  applied  at  yarious  intensity  levels.  The  2nd  harmonic  becomes 
important  as  the  stimulus  tone  approaches  80  db,  the  third  harmonic  for  90  db.  etc. 


the  presence  of  the  harmonic  is  de-  to  expect  and  tolerate  more  distor- 
termined  by  the  observation  of  the  tion  at  high  levels.  It  is  evident  that 
amplitude-modulation  beat  between  harmonic  distortion  may  be  more 
them.  Furthermore,  the  beats  will  irritating  in  home  radio-phono- 

be  most  pronounced  when  the  ex-  graphs  than  in  outdoor  or  concert 

terior  stimulating  tone  is  of  equal  hall  sound  reenforcement  systems, 
intensity  with  the  aural  harmonic,  The  response  curve  of  the  ear 
and  in  this  manner  the  intensity  of  falls  at  low  frequencies.  Hence,  with 
the  aural  harmonic  can  be  deter-  fundamental  tones  of  low  frequency 
mined.  the  ear  will  be  more  sensitive  to  the 

harmonics  than  to  the  fundamental. 

Cat's*«ar  Experimcntf  H  jg  gjgo  that  with  high-fre- 

Wegel  and  Lane*  have  measured  quency  fundamentals  only  a  few  of 

the  potentials  generated  at  har-  the  harmonics  are  within  the  spec- 

monic  frequencies  by  attaching  an  trum  of  audible  sounds.  These  facts 

electrode  to  the  round  window  in  the  make  it  clear  that  factors  tending 

the  ears  of  cats  and  guinea  pigs  and  to  produce  distortion  in  the  low-fre- 

running  the  output  through  a  wave  quency  range  are  particularly  im- 

analyzer.  portant,  and  that  such  distortion  is 

Using  this  same  method.  New-  an  important  limitation  on  the  use 

man,  Stevens  and  Davis*  stimulated  of  extended  frequency  range  de- 

the  ear  of  a  cat  with  700  and  1,200-  vices, 

cps  sine  waves  simultaneously,  and 

were  able  to  determine  electrically  R«spo»te  to  Vibrato 

the  presence  of  66  other  fre-  The  use  of  a  vibrato  is  an  impor- 
quencies.  All  of  this  evidence  is  tant  musical  embellishment,  and  the 
in  substantial  agreement.  characteristics  of  the  ear  in  per- 

This  provides  two  explanations  '  ceiving  it  are  of  particular  interest 

for  the  effects  mentioned.  At  rela-  to  designers  of  electronic  musical 

tively  low  levels  the  ear  follows  instruments.  The  vibrato  produced 

Hooke's  law,  and  distortion  is  negli-  by  both  violinists  and  vocalists  is  a 

gible.  As  the  intensity  increases,  rapid  fluctuation  of  frequency  above 

the  ear  generates  harmonics  within  and  below  the  fundamental  tone, 

itself  and  these  tend  to  mask  har-  This  is  accomplished  at  a  rate  ap- 

monic  distortion  originating  from  proaching  seven  per  second  for  vio- 

the  exterior  source  of  energy.  The  linists.  It  is  at  approximately  this 

second  point  is  that  the  central  speed  that  the  ear  loses  the  ability 

nervous  system  is  educated  by  the  to  follow  the  changing  pitch  and 

distortion  characteristics  of  the  ear  observes  the  result  simply  as  an 
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amplitude  modulation.  Thus,  at  a 
rate  of  seven  vibrations  per  second 
or  faster,  the  ear  is  incapable  of  dis¬ 
tinguishing  between  a  frequency 
vibrato  and  an  intensity  vibrato. 
It  is,  in  fact,  difficult  for  an  observer 
to  differentiate  a  seven  per  second 
frequency  (or  amplitude)  vibrato 
from  one  that  is  produced  by  beat¬ 
ing  two  frequencies  together.  This 
latter  method  is  used  by  pipe  organ 
manufacturers  who  design  a  stop 
(celeste  string)  that  produces  this 
effect  by  tuning  two  sets  of  pipes  at 
slightly  different  frequencies. 

It  is  more  difficult  to  produce  a 
frequency  vibrato  in  electronic 
musical  instruments  than  to  provide 
a  device  that  simply  varies  the  gain, 
and  because  the  ear  cannot  differ¬ 
entiate  between  them  at  rates  above 
seven  per  second,  many  designers 
use  the  latter  method.  This  is  not 
entirely  successful  as  a  simulation 
of  acoustic  instrumental  effects  be¬ 
cause  the  ear  is  aware  of  the  differ¬ 
ence  in  terms  of  timbre.  The  qual¬ 
ity  of  fullness  or  richness  of  a  tone 
undergoing  frequency  modulation 
is  directly  related  to  the  bandwidth 
of  the  modulation.  The  vibrato  used 
by  most  well  trained  vocalists  is  just 
fast  enough  so  that  a  single  pitch 
is  assigned  by  an  observer,  and  it 
covers  a  broad  enough  frequency 
band  to  provide  maximum  rich¬ 
ness.*’ Violinists  have  a  faster 
vibrato  but  it  usually  covers  no 
more  than  a  quarter-tone  peak  to 


peak  and  does  not  produce  as  com¬ 
plex  a  spectrum  of  harmonics. 

It  has  been  suggested  that  the 
seven-per-second  blend  from  fre- 
quency-to-amplitude  perception  is 
a  function  of  the  rate  of  decay  in 
the  central  nervous  system  re¬ 
sponses.®  This  persistence  effect  has 
been  calculated  as  approximately 
0.14  second  to  reach  threshold.  The 
curious  fact  is  that  although  the 
rate  of  decay  may  change,  the  total 
time  to  fall  to  the  threshold  of  per¬ 
ception  appears  to  be  constant  at 
0.14  second,  regardless  of  initial  in¬ 
tensity.  Stevens  and  Davis  suggest 
this  as  being  the  ideal  on  and  off,  or 
build-up  and  decay  time  to  provide 
an  impression  of  instantaneity 
without  the  usual  on  and  off  clicks 
and  other  transient  disturbances. 

This  switching  time  is  important 
in  electronic  musical  instrument  de¬ 
sign,  in  telegraph  keying  and  in 
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many  other  problems.  The  writers 
have  investigated  the  phenomenon 
at  some  length,  conducting  experi¬ 
ments  with  30  observers  having 
normal  hearing.  The  results  ap¬ 
proximated  the  figures  given  above 
but  the  ideal  build-up  time  for  high- 
intensity  tones  appeared  somewhat 
longer.  The  best  results  associated 
with  on  times  were  obtained  with 
even  harmonic  combination  tones 
reaching  the  maximum  of  90  db 
above  hearing  threshold  in  0.165 
second.  The  time  for  odd  harmonic 
combinations,  contrary  to  expecta¬ 
tions,  was  0.01  second  less.  Off  ef¬ 
fects  in  all  cases  appeared  as  close 
to  ideal  as  can  be  achieved  at  0.14 
second.  There  is  no  auditory  effect 
of  persistence  or  latent  images  com¬ 
parable  to  those  common  to  vision. 

Audio  Perspective 

There  have  been  many  experi¬ 
ments  in  the  last  decade  to  improve 
the  illusion  of  reproduced  v.s  live 
music  by  introducing  audio  perspec¬ 
tive.  Certainly  the  distribution  of 
orchestral  instruments  in  space  is  a 
contributing  factor  in  the  total 
sensation  experienced  by  the  lis¬ 
tener.  The  use  of  three-channel 
microphone  pickup  and  playback 
through  corresponding  placement 
of  loudspeakers  contributes  consid¬ 
erably  to  the  realism  of  reproduc¬ 
tion.  Even  two  channels  is  a  marked 
improvement,  but  more  than  three 
follows  a  rapid  diminishing  returns 
curve.  At  the  New  York  World’s 
Fair  an  outdoor  stereophonic  instal¬ 
lation  demonstrated  the  value  of  the 
effect  reasonably  well,  but  the  illu¬ 
sion  is  more  impressive  in  an  en¬ 
closed  room.  The  Walt  Disney  pic¬ 
ture  “Fantasia”  was  another  experi¬ 
ment  in  this  direction,  and  in  thea¬ 
ters  where  a  satisfactory  installa¬ 
tion  could  be  made  the  results  were 
remarkable. 

Ideally,  a  concert  hall  should  not 
be  too  highly  damped,  but  should 
have  a  perceptible  reverberation 
time.  Under  such  conditions  the 
percentage  of  reverberation  reach¬ 
ing  the  listener  will  vary  directly 
with  the  distance  of  the  source. 
Thus,  in  reproduction  the  apparent 
closeness  of  the  sound  will  vary  in¬ 
versely  with  the  amount  of  repro¬ 
duced  reverberation  in  either  mul¬ 
tiple-  or  single-channel  recording* 
These  effects  have  importance  in 


sound  motion  picture  developments. 
However,  in  connection  with  speech 
the  psychological  effect  of  synchro¬ 
nization  between  visual  lip  reading 
and  the  sound  itself  is  such  as  to 
minimize  the  need  of  stereophonies. 
Furthermore,  the  increased  use  of 
public  address  systems  with  live 
music,  often  with  little  regard  to 
directional  distortion,  increasingly 
educates  audiences  not  to  expect 
coordination  of  visual  and  audible 
sources. 

Even  in  systems  for  the  reproduc¬ 
tion  of  music  where  the  original 
pickup  was  through  a  single  chan¬ 
nel,  the  spatial  distribution  of 
acoustic  output  is  desirable.  Al¬ 
though  the  trend  has  been  toward 
single  speakers  of  large  cone  diam¬ 
eter  for  improved  low-frequency 
response,  the  use  of  multiple  small 
speakers  will  often  accomplish  this 
result  more  satisfactorily.  Further¬ 
more,  the  distribution  of  high  fre¬ 
quencies  is  distinctly  improved  and 
the  cost  for  equal  total  power  han¬ 
dling  ability  is  approximately  the 
same  or  less  for  the  multi-speaker 
arrangement.  As  a  specific  exam¬ 
ple,  four  7i-inch  accordion  cone 
speakers  may  be  mounted  in  a  hori¬ 
zontal  row  along  the  top  of  a  com¬ 
pletely  enclosed  cabinet.  Such  a  sys¬ 
tem  will  handle  12  watts  complex 
wave  with  an  extended  high-fre¬ 
quency  response  and  unusually 
smooth  bass  reproduction.  Most  ob¬ 
servers  find  that  the  horizontal 
spread  of  such  a  sound  source  con¬ 


tributes  measurably  to  the  illusion 
of  perfect  reproduction.  The  speak¬ 
ers  must,  of  course,  be  phased  to¬ 
gether. 

The  most  interesting  data  regard¬ 
ing  stereophonic  sound  systems  has 
been  presented  by  Fletcher.”  These 
preliminary  investigations  indi¬ 
cated  that  observers  found  two- 
channel  stereophonic  reproduction 
extending  to  5,000  cps  more  pleas¬ 
ing  than  a  single  channel  with  a 
range  to  15,000  cps.  Additional  data 
in  this  paper  showed  that  a  65-db 
volume  range  and  a  frequency  spec¬ 
trum  of  60  to  8,000  cps  produced 
substantially  complete  fidelity  in  the 
transmission  of  music,  while  40  db 
and  100  to  7,000  cps  were  compar¬ 
able  requirements  for  speech. 

Intensity  Range 

The  ear  is  capable  of  responding 
to  a  wide  range  of  intensities,  and 
the  limits  are  set  at  points  consis¬ 
tent  with  the  auditory  environment. 
Thus,  the  threshold  of  hearing  is  in 
the  region  where  any  increase  in 
sensitivity  would  make  it  possible  to 
perceive  the  constant  sound  pro¬ 
duced  by  the  random  agitation  of 
the  basic  particles  of  air.  Man  would 
then  be  afflicted  with  the  irritation 
of  ceaseless  noise,  somewhat  com¬ 
parable  to  the  condition  of  persons 
suffering  from  tinnitus  (head 
noises).  The  minimum  displacement 
of  the  eardrum  which  produces 
audio  sensation  has  been  calculated 
by  Stevens  and  Davis  at  approxi- 


Resultf  of  subjectiTe  experiments  with  listeners,  giring  their  Judgment  of  quality  of 
reproduction  in  arbitrary  units  for  Tarious  cutoff  and  bandpass  adjustments  of  the 
amplifier  during  three  different  types  of  program^ 
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mately  10'"’  cm,  less  than  the  wave¬ 
length  of  visible  light,  or  less  than 
one  percent  of  the  diameter  of  a 
hydrogen  molecule. 

The  intensity  at  which  audibility 
blends  into  the  sensation  of  feeling 
varies  between  60  and  70  db  above  a 
pressure  of  one  dyne  per  square 
centimeter.  The  actual  subjective 
experience  varies  with  frequency 
and  with  the  individual,  and  ranges 
from  dizziness  and  physical  vibra¬ 
tion  to  tickling,  burning,  and  pain¬ 
ful  reactions." 

Low-fr*queney  Cutoff 

At  very  low  frequencies  the  sub¬ 
jective  loudness  and  pitch  of  a  tone 
do  not  vary  linearly  but  in  distinct 
steps,  with  the  most  abrupt  change 
occurring  at  around  18  cps  accord¬ 
ing  to  Bekesy  and  others.  It  is  at 
approximately  this  frequency  that 
the  sensation  merges  from  one  of 
feeling,  at  lower  frequencies,  to  the 
experience  of  hearing.  The  rough 
(piality  continues  up  to  about  50  cps. 

The  ear  tends  to  fill  in  the  sub¬ 
jective  observation  of  a  fundamen¬ 
tal  tone  when  presented  with  a 
series  of  harmonic  frequencies.  This 
experience  is  so  compelling  an  illu¬ 
sion  that  even  the  most  critical  ob¬ 
servers  usually  fail  to  perceive  the 
difference  between  the  response  of 
an  audio  amplifier  cut  off  at  around 
70  cps  and  one  which  extends  to 
lower  frequencies.  This  cutoff  value 
is  chosen  as  optimum  because  it  in¬ 
cludes  the  second  harmonic  of  the 
lowest  notes  commonly  occurring  in 
orchestral  music,  but  permits  at¬ 
tenuation  at  the  often  annoying 
60-cps  frequency  of  supply  lines. 

Phase  Relotioaships 

It  is  widely  but  erroneously  be¬ 
lieved  that  the  ear  is  insensitive  to 
phase  relationships.  According  to 
Ohm’s  acoustic  law,  the  ear  is  an 
analyzer  that  perceives  a  complex 
sound  wave  in  terms  of  its  fre¬ 
quency  components.  This  principle 
in  general  is  true,  but  not  absolute 
because  the  structures  of  the  ear 
are  not  sharply  tuned. 

Sound  waves  of  equal  frequency 
and  intensity  but  180  degrees  out 
of  phase  produce  silence."  It  is 
clear  that  the  total  intensity  of  a 
sound  wave  will  vary  with  the  phase 
relationships  of  its  components, 
which  may  be  additive  or  subtrac¬ 


tive,  and  that  this  is  translated  into 
loudness  by  the  ear.  The  genera¬ 
tion  of  aural  harmonics  has  been 
mentioned,  and  the  phase  between 
these  and  the  harmonics  produced 
by  the  acoustic  source  will  also  be 
summated  algebraically  by  the  audi¬ 
tory  system.  Furthermore,  the 
phase  relationships  of  component 
frequencies  in  a  continuous  result¬ 
ant  wave  form  may  produce  either 
amplitude  or  frequency  modulation 
effects.  This  means  that  the  central 
nervous  system  may  experience  a 
slow  variation  in  either  pitch  or 
loudness,  depending  on  phase  rela¬ 
tionships. 

It  was  mentioned  in  a  preceding 
section  that  the  response  to  fre- 
(luency  and  amplitude  modulation 
above  a  repetition  rate  of  six  to 
seven  per  second  could  not  be  differ¬ 
entiated  by  the  ear.  At  a  lower  rate 
than  this,  the  difference  is  clearly 
perceived  as  an  instability  of  loud¬ 
ness  or  frequency.  Finally,  and  par¬ 
ticularly  at  fundamental  frequencies 
below  100  cps,  various  phase  rela¬ 
tions  between  the  harmonics  will 
distinctly  alter  the  quality  of  a 
tone."  Phase  conditions  producing 
the  greatest  amount  of  intercancel¬ 
lation  are  characterized  by  smooth¬ 
ness,  and  additive  phases  by  rough¬ 
ness. 

The  timbre  of  musical  tones  is 
not  usually  changed  in  a  noticeable 
way  by  variations  in  phase  relation¬ 
ships.  This  is  evidenced  by  the  fact 
that  complex  phase  shifts  varying 
with  frequency  take  place  in  almost 
all  audio  electronic  circuits  without 
the  ear’s  being  aware  of  them.  The 
acoustic  conditions  of  an  audito¬ 
rium  will  greatly  vary  the  phase  of 
sound  waves  reaching  the  ear.  How¬ 
ever,  while  the  subjective  experi¬ 
ence  may  be  much  the  same  and 
equally  pleasant,  the  approach  to 
identity  is  definitely  diminished 
where  large  differences  in  phase 
relationships  occur  between  the 
original  and  the  reproduced 
sound."  "  ” 

CeaelMioRS 

Electronics  has  made  an  enor¬ 
mous  contribution  to  the  widespread 
enjoyment  of  music.  Surely  it  is 
important  to  continue  in  the  effort 
to  expand  the  techniques  available 
so  as  to  encompass  the  full  range  of 
possible  sensation.  Efforts  to  deter¬ 


mine  the  desirability  of  high  fidel¬ 
ity  on  the  basis  of  observers  com¬ 
paring  two  devices  of  different  de¬ 
grees  of  imperfection  are  fallacious. 
True  high  fidelity  would  be  indis¬ 
tinguishable  from  the  original.  It 
is  obvious  that  a  decision  must  be 
based  on  comparisons  between  re¬ 
produced  and  live  music. 

There  are  many  subtle  differences 
between  live  and  reproduced  per¬ 
formances  that  are  observed  subcon¬ 
sciously.  Even  with  the  finest  con¬ 
temporary  equipment,  an  observer 
entering  the  studio  blindfolded  will 
rarely  be  deceived.  It  is  inevitable 
that  initially  developed  methods 
will  appear  expensive  and  cumber¬ 
some  in  comparison  with  the  im¬ 
provement  gained.  This  is  the  his¬ 
toric  cycle  of  progress.  Simplifica¬ 
tion,  cheaper  and  more  efficient 
methods  always  follow.  It  is  the 
responsibility  of  the  entire  radio  in¬ 
dustry  to  work  toward  preserving 
the  heritage  of  musical  progress 
and  expanding,  not  limiting,  the 
musical  vocabulary  of  the  future. 
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CINCH 


2335  West  Van  Buren  Street,  Chicago  12 

Subudiary  of  United-Carr  Fastener  Corporation,  Cambridge,  Mass. 


AND  STILL  FIRST 


Designed  and  developed  by  CINCH,  this  plug  and  socket  have 


long  been  the  standard  connector.  Originated  by  CINCH 


engineering  and  produced  by  CINCH  ''Know  How 


today  as  always  the  leader.  First  and  still  first! 


in  phonograph,  antenna  pick-up,  speaker,  battery  and 


for  other  similar  connector 


requirements  for  household 


and  automobile  radios 


KNOW  HOW 


ELECTRONICS 


MallorY 


RECTIFIERS 


MAONtSIUM  COPPiR  SULPHIDE  RECTIFIERS  — 
STATIONARY  AND  PORTABLE  D.  C.  POWER  SUPPLIES  — 
BATTERY  CHARGERS  AND  AVIATION  RECTOSTARTERS* 


ELECTRONICS  — 


The  ’cost  of  Mallory  magnesium  copper  sulphide 
rectifiers  is  extremely  moderate  to  begin  with.  And 
equally  moderate  is  operating  expense! 

Contributing  to  the  low  initial  price  of  Mallory  rectifiers 
is  their  small  size — a  compactness  made  possible  by 
small  cross-sectional  areas  which  are  capable  of  car¬ 
rying  many  times  more  current  than  equal  areas  in 
other  type  rectifiers. 

Directly  responsible  for  low  operating  cost  are  many 


basic  factors  of  design — all-metal  construction,  for 
instance  .  .  .  the  complete  absence  of  moving  parts  .  .  . 
the  ability  of  these  rectifiers  to  withstand  tremendous 
current  overloads  and  voltage  surges. 

Many  outstanding  features  combine  to  make  Mallory 
rectifiers  easy  to  buy  and  operate  .  .  .  explain  why 
Mallory  magnesium  copper  sulphide  rectifiers  outsell 
all  other  types  of  dry  disc  rectifiers  for  low-voltage, 
high-current  applications.  See  your  Mallory  dis¬ 
tributor.  Or  write  us  for  literature  or  engineering  helps. 

•Reg.  U.  S.  Pot.  Off. 


It  all  adds  up  to 


RUGGED  CONSTRUCTION 
CONSTANT  OUTPUT 
WITHSTANDS  OVERLOADS 
COMPACT  SIZE 
UNAFFECTED  BY  TEMPERATURES 
MINIMUM  MAINTENANCE 


Paying  Less  and  Getting  More 

with  the  Magnesium  Copper  Sulphide  Rectifier 


Thus,  one  phototube  controls  the 
horizontal  sweep  of  the  electron 
beam  in  the  cathode-ray  tube,  while 
the  other  phototube  controls  the  ver¬ 
tical  sweep  of  the  beam.  The  amount 
of  deflection  is  governed  by  the  re¬ 
spective  amounts  of  red  and  green 
light  reaching  the  phototubes. 

The  screen  of  the  cathode-ray  tube 
on  which  the  electron  beam  will  ap¬ 
pear  when  controlled  by  the  color 
range  of  an  acceptable  bean  is  cov¬ 
ered  by  a  partial  mask  that  provides 
a  grading  pattern.  When  a  bad  bean 
passes  through  the  optical  system, 
the  color  of  the  reflected  light  affects 
the  output  of  the  phototubes,  and 
this  in  turn  alters  the  sweep  of  the 
electron  beam  so  that  it  causes  the 
phosphor  to  glow  outside  the  mask 
area.  A  sentinel  phototube  picks  up 
this  extra  glow  and  its  amplified  out¬ 
put  actuates  an  ejector  mechanism 
that  trips  the  bad  bean  into  the  re¬ 
ject  bin. 

Tube  types  employed  in  the  sort¬ 
ing  machines  include  the  RCA  908 
cathode-ray  tube,  2050  thyratron, 
and  phototubes  918  and  1P29.  Tube 
life  has  been  estimated  to  be  an  aver¬ 
age  of  more  than  8,800  hours  by  the 
Electric  Sorting  Machine  Company, 
manufacturers  of  the  equipment. 


INDUSTRIAL  CONTROL 


Phototubes  Control  Food  Sorting  System . 

Tool  Brazing  with  Induction  Heating . 

Variable  Tuning  Up  to  Thirty  Seconds . . . 

Dielectric  Heating  Seals  Giant  Bolls . 

Plant  Truck  Traffic  Control  with  Intercoms 
Streamlining  C-R  Tube  Production . 


Phototubes  Control  Food  Sorting  System 

ONfc  APPLICATION  of  electron  tubes  totube.  The  first  phototube  is  es- 
in  the  food  industry  about  which  lit-  pecially  sensitive  to  red  light,  the 
tie  has  been  published  is  that  of  food  .second  to  green  light, 
sorting.  Beans  of  various  kinds.  The  amplified  output  of  each  pho- 
.seed  corn,  peanuts,  coffee  and  even  totube  is  applied  to  a  pair  of  deflec- 
potatops  have  been  sorted  by  Indus-  tion  plates  in  a  cathode-ray  tube. 


Tool  Brazing  with 
Induction  Heating 

Induction  heating  has  been  adopted 
for  the  brazing  of  tungsten  carbide 
tips  to  more  than  200  types  of  cut¬ 
ting  tools  and  effected  such  savings 


Billions  oi  boons  pass  through  this  plant  oi  the  Michigon  Bean  Company  where 
RCA  phototubes  and  cathode-ray  tubes  control  o  sorting  mechanism  that  separates 
good  little  becms  from  bad  ones.  Mirrors  and  lenses  are  used  with  the  phototubes 
to  Judge  the  color  range  of  each  indlTiduol  bean 


trial  electronic  equipment  since  1931. 

In  modern  equipment,  accept¬ 
ance  or  rejection  of  each  bean  or 
other  object  depends  on  the  respec¬ 
tive  percentages  of  red  and  gi'eeu 
light  reflected  by  it.  The  beans  are 
fed  down  a  chute  to  a  rotary  feed 
that  passes  them,  one  at  a  lime, 
through  an  optical  system  consisting 
of  an  incandescent  lamp,  a  focusing 
lens,  two  mirrors,  and  two  photo¬ 
tubes. 

Ray.s  from  the  light  source  are  re¬ 
flected  by  the  bean  through  the  lens 
to  .the  partial  or  50  percent  mirror. 
It  reflects  part  of  the  light  through 
a  red  color  filter  to  the  first  photo¬ 
tube,  but  transmits  another  part  of 
the  light  to  the  second  mirror,  a  nor¬ 
mal  mirror,  which  reflects  it  through 
a  green  color  filter  to  the  second  pho- 


AMPLIFIER 


PHOTOTUBES 


COLOR  FILTER 


sentinel 

PHOTOTUBE 


MIRROR 


AMPLIFIER 


50%  MIRROR 


GRADING 

PATTERN 


LIGHT  SOURCE 


CATHODE-RAY 

TUBE 


‘EJECTOR 


FEED  CHUTE 


REJECTS 


ROTARY  FEED 


Essential  elements  oi  the  electronic  bean  sorting  system.  A  partial  mask  provides 
a  grading  pattern  on  the  screen  of  the  c-r  tune 
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940  Ohms 
660  Ohms 
940  Ohms 


40.0  Megohms 
40.0  Megohms 
40.0  Megohms 


Matched  Pairs  are  available  only  to  manufacturers.  Address  inquiries  to  Dept.  JG 


mnlchEd  Pair  RGSislars 

INTERNATIONAL  RESISTANCE  CO. 


401  N.  BROAD  ST.,  PHILADELPHIA  8,  PA. 

Canadian  Licensee:  International  Resistance  Co,,  Ltct.,  Toronto 


Senes  Matched  Pairs 

Mirtimum  Resistance  Maximum  Resistance 

20  Ohms  1640  Ohms 

10  Ohms  10,200  Ohms 

15  Ohms  16,400  Ohms 


Here’s  the  low  cost  solution  to  close  tolerance 
requirements — IRC  Matched  Pairs — two  resistors 
matched  in  series  or  parallel  to  as  close  as 
±1%  initial  accuracy. 

IRC  introduced  Matched  Pairs,  has  matched 
millions  of  BT  Metallized  and  BW  Wire 
Wound  Resistors.  Both  types  are  stable,  excel¬ 


lent  for  close  tolerance  requirements.  Matched 
Pairs  are  widely  used  as  meter  multipliers  and 
recommended  for  any  application  requiring  low 
cost  close  initial  tolerances. 

IRC  tests,  matches,  identifies,  and  ties 
together  each  pair  as  shown  in  the  illustration 
above. 


MATCHED  PAIR  RESISTANCE  LIMITS 


Parallel  Matched  Pairs 
Minimum  Resistance  Maximum  Resistance 


Type 

BW-'/a 

BW-1 

BW-2 


410  Ohms 
2550  Ohms 
4100  Ohms 


5  Ohms 
2.5  Ohms 
3.75  Ohms 


10.0  Megohms 
10.0  Megohms 
10.0  Megohms 


235  Ohms 
165  Ohms 
235  Ohms 


At  left  U  a  magnetic  chuck  block  holding  a  large  drill  for  induction  brazing  of 
tungsten  carbide  tip.  The  tips  on  small  tools  are  held  in  place  by  the  adhesion  of 
the  brazing  material.  At  right,  a  rotary  fixture  holds  seven  tools  ready  for  brazing 


that  one  tool  producei  was  able  to 
amortize  the  cost  of  his  two  induc¬ 
tion  machines  in  three  months  time. 

The  inherent  characteristics  of 
high-frequency  currents  to  concen¬ 
trate  on  a  selected  area  make  induc¬ 
tion  heating  an  ideal  medium  for 
tool  brazing.  The  heat  can  be  re¬ 
stricted  to  the  tip  end  which  leaves 
the  remainder  of  the  shank  cool 
enough  so  that  in  most  cases  an  op¬ 
erator  can  handle  the  finished  piece 
with  a  gloved  hand.  Tongs  are  needed 
only  on  the  smaller  tools. 

To  braze  a  tip  to  any  of  the  many 
tools  produced  in  the  Willey's  Car¬ 
bide  Tool  Company,  Detroit,  the  op- 


The  rotary  fixture  Is  turned  manually  by 
the  operator  to  present  each  tool  to  the 
heating  coil  when  brazing 


erator  places  the  tool  beneath  the  in¬ 
ductor  with  the  tip  and  brazing  ma¬ 
terial  positioned  in  the  recess.  The 
heating  cycle  may  run  from  three 
seconds  upwards  to  a  minute  depend¬ 
ing  upon  the  type  of  tool  being 
brazed.  As  the  heating  progresses, 
the  operator,  by  use  of  a  small  rod, 
wipes  the  tip  into  place  as  the  mate¬ 
rial  softens.  Cycles  can  be  con¬ 
trolled  automatically  or  manually. 

Tools  are  held  beneath  the  in¬ 
ductor  by  one  of  three  holders,  a 
rotary  chuck,  a  screwclamp  fixture, 
or  a  magnetic  chuck  block  of  which 
two  sizes  are  used.  With  the  mag¬ 
netic  block,  big  tools  can  be  rapidly 
positioned  beneath  the  inductor  and 
held  firmly  during  the  brazing  cycle. 

Rotary  Tool  Holder 

The  rotary  fixture  holds  the  tools 
in  place  by  spring  tension  and,  as  the 
operator  rotates  the  block  manually, 
the  tool  enters  the  field  of  the  in¬ 
ductor  coil  where  it  becomes  heated. 
The  tip  is  wiped  in  place  by  the  op¬ 
erator  during  the  heating  and  passes 
down  and  out  of  the  inductor  as  the 
very  short  cycle  concludes.  Held  by 
mechanical  tension  until  it  arrives 
at  the  vertical,  the  tool  is  released 
automatically  from  the  fixture  and 
drops  into  a  tote  box  or  a  conveyor. 

These  operations  are  being  per¬ 
formed  on  two  Tocco  15  kw,  two- 
station,  9,600-cycle  units  of  Ohio 
Crankshaft  Company  equipped  with 


watercooled  inductor  coils  that  are 
changed  to  accommodate  different 
tools. 

One  advantage  of  the  induction 
method  is  reported  to  be  the  silver¬ 
soldering  of  high-speed  steel  tips 
without  drawing  the  hardness  of  the 
tip.  Also,  induction  heat  simplifies 
the  removal  of  a  brazed  tip  from  a 
shank  by  quickly  remelting  the  braz¬ 
ing  material. 

Larger  tools  are  now  being  treated 
in  greatly  increased  quantities.  Two 
girl  operators  turn  out  85  of  these 
an  hour  on  a  two-station  unit  in  con¬ 
trast  to  the  80  tools  per  8-hour  day 
by  older  methods.  It  is  with  these 
larger  tools  that  the  method’s  econ¬ 
omies  are  seen  to  best  advant¬ 
age.  Here  a  single  magnetic  chuck 
block  6  inches  long  is  used  for  hold¬ 
ing  the  big  shanks. 

A  two-tipped  tool  has  been  brazed 
by  the  induction  process  for  the  first 
time  without  the  wiring  required  to 
secure  the  tips  for  treatment  by 
other  methods.  The  tips  are  held  in 
place  during  the  heating  without  ex¬ 
tra  support.  The  treating  of  drills, 
reamers  and  counter-bores  is  done  in 
the  same  manner. 

Brazing  of  diamond  dressing  tools, 
for  straight  or  radius  dressing,  hav¬ 
ing  but  a  single  diamond  were  al¬ 
ways  difficult  to  handle  and  slow  to 
braze.  Now,  after  the  stone  is  posi¬ 
tioned  and  the  matrix  base  is  pressed 
into  the  tool  cavity  around  the  dia¬ 
mond,  one  girl  can  braze  150  to  200 
half-inch  tools  an  hour.  The  cycle  is 
three  seconds  heating  per  dresser. 


Variable  Timing  Up  to 
'Fliirty  Seconds 

By  Donald  G.  Haines 

Conaultinfj  Engineer 
Chirngo,  TllinoiM 

For  control  purposes,  it  is  often 
necessary  to  turn  electrical  equip¬ 
ment  on  and  off  after  a  definite  time 
interval.  With  the  instrument  to  be 
described,  the  time  interval  is  ad¬ 
justable  from  i  to  30  seconds  by  the 
operator. 

The  instrument  was  designed  pri¬ 
marily  for  accurately  controlling  ex¬ 
posure  time  in  the  use  of  a  photo¬ 
graphic  printer  or  enlarger.  Adjust¬ 
ment  of  the  timing  range  is  provided 
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Here's  the  book 
thot  will  tell  you. 
h’s  new.  h’s  free. 
Write  for  a  copy! 


It  classifies  and  describes  155  outstanding  train¬ 
ing  films  on  electronics  and  related  subjects  .  .  . 
1545  in  other  fields.  You’ll  find  films  for  training 
production  workers,  salesmen,  maintenance  men, 
“trouble  shooters”.  .  .  covering  theory,  tubes, 
circuits.  You’ll  find  films  on  both  communica¬ 
tions  and  industrial  equipment. 


The  book  tells  you  where  to  get  them  . . .  whic 
are  free  .  .  .  which  can  be  rented  or  bought,  an 
what  they  cost. 

To  get  your  free  copy  of  “The  Index  of  Trail 
ing  Films,”  mail  the  coupon  to  .  .  . 

Eastman  Kodak  Company,  Rochester  4,  N.  ^ 


If  YOU  ARE  INTERESTED  in  tapping  a  large  pool 
of  “ready-made”  films  for  training  electronics 
workers,  this  book  will  help  you.  It  lists  films 
available  from  scores  of  manufacturers,  film  dis¬ 
tributors,  and  government  bureaus. 


Training  Films 

—another  important  function  of  photography 


-MAIL  THIS  COUPON  FOR  FREE  BOOt 


EASTMAN  KODAK  COMPANY 
Rochester  4,  N.  Y. 


Please  send  me  “The  Index  of  Training  Films.” 


Name 


Company 


Street 


VARIABLE  TIMING 


(conttnued) 


..This  is  Cardioid 

"Cardioid**  means  heart-shaped.  It  de¬ 
scribes  the  pickup  pattern  of  a  micro¬ 
phone  as  illustrated  in  this  diagram. 
Unwanted  sounds  approaching  from 
the  rear  are  cancelled  out  and  the  pick¬ 
up  of  random  noise  energy  is  reduced 
by  66%.  The  actual  front  to  back  ratio 
of  reproduaion  of  random  sound  en¬ 
ergy  is  7  to  1. 


.  ;This  is  Super-Cardioid 

"Super-Cardioid”  also  describes  a  pick¬ 
up  pattern  and  is  a  further  improvement 
in  directional  microphones.  The  Super- 
Cardioid  has  a  wide  front-side  pidcup 
angle  with  greater  exclusion  of  sounds 
arriving  from  the  sides  and  the  rear. 
The  front  to  back  random  sound  ratio 
is  14  to  1  which  makes  it  twice  as  uni¬ 
directional  as  the  "Cardioid.”  A  73% 
decrease  in  the  pickup  of  random  noise 
energy  is  accomplished. 


.  .This  is  Uniphase 

"Uniphase”  describes  the  principle  by 
which  directional  pickup  is  accom- 
plishedin  a  single  microphoneunitThis 
is  a  patented  Shure  development  and 
makes  possible  a  single  unit  "Super- 
Cardioid”  Directional  Microphone 
eliminating  the  necessity  of  employing 
two  microphone  units  in  one  case— it 
gives  greater  uniformity  in  produaion, 
greater  ruggedness,  lower  cost  for  com¬ 
parable  quality  and  more  uniform  ver¬ 
tical  pickup  pattern. 


..This  is  the  result 

The  SHURE  Super*Cardioid 

A  decrease  in  the  pickup  of  random 
sound  energy  by  73% — reduction  of 
feedback  and  background  noise — sim¬ 
plification  of  sound  pickup  are  among 
the  many  advantages  oflFered  by  the 
Shure  "Super-Cardioid”  Dynamic 
These,  plus  faithful  reproduction,  are  the 
reasons  why  Shure  "Super-Cardioid” 
Microphones  are  used  by  more  than  7  50 
Broadcast  Stations  in  the  United  States 
alone,  by  our  Armed  Forces  throughout 
the  world,  and  on  thousands  of  Public 
Address  Systems  everywhere. 


Sounds  enlerinK  from  front. 


Sounds  entering  from  rear. 


SHURE  BROTHERS 


Dmsignwt  and  Manufactwn  of  Mkrophonmt  and  Acoustic  Devicet 

225  West  Huron  Street  Chicago  10,  Illinois 

Cable  Addntt  SHURIMICRO 


by  a  single  low-resistance  control. 
By  setting  this  control  at  any  desired 
point  in  this  range,  the  required  time 
interval  may  be  obtained  by  simply 
pressing  a  button. 

A  disadvantage  of  the  usual  re¬ 
sistance-capacitance  discharge  cir¬ 
cuit  is  the  impracticability  of  cali¬ 
bration  of  a  single  high-resistance 
control.  However,  the  principle  dif¬ 
ficulty  is  the  inherent  lack  of  stabil¬ 
ity  of  the  method  which  seriously 
affects  the  accuracy  of  the  timed  in¬ 
terval.  In  combination  with  a  triode 
tube,  this  new  circuit  permits  the  use 
of  a  low-resistance  control  to  obtain 
the  same  range  of  time  discharge  as 
would  be  obtained  with  the  high-re¬ 
sistance  type. 

Figure  1  shows  the  circuit  dia¬ 
gram.  The  timing  control  is  a  0.25- 


Fig.  1 — Time  intervals  from  Vz  second  to 
30  seconds  are  provided  by  this  electronic 
relay  circuit 

megohm  variable  resistor  in  the 
cathode  circuit  of  a  triode.  Press¬ 
ing  the  pushbutton  charges  the  2-;if 
capacitor  negatively,  causing  the  re¬ 
lay  to  open.  The  discharge  current 
from  the  capacitor  flows  through  the 
triode  and  through  the  variable 
cathode  resistor  which  places  a  nega¬ 
tive  bias  on  the  triode  grid.  This 
causes  the  triode  plate  resistance  to 
increase  dependent  upon  the  value 
of  discharge  current.  The  degener¬ 
ative  effect  produced  permits  use  of 
a  low-resistance  control  to  obtain  a 
wide  range  in  the  value  of  the  plate 
resistance  of  the  triode. 

As  the  capacitor  discharges,  the 
negative  voltage  controlling  the  50B5 
tube  is  reduced  to  the  point  where 
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★  For  production  efficiency,  call  Scovill  on  these 
standard  fastenings,  too  .  .  .  Phillips  Recessed 
Head  Screws  .  .  .  Clutch  Head  Screws  .  .  .  Sems 
Washer-Screw  Assemblies. 


Ihe  part  shown  here  is  another 
instance  where  Scovill  cold-forging  ingenuity  and 
equipment  helped  improve  a  product  —  and  also 
resulted  in  more  efficient  production. 

The  problem  was  to  devise  a  better  fastening  for 
sink  washers  than  the  old-style  metal  ring  —  a  new 
kind  of  fastening  that  simply  would  not  pull  out. 

The  problem  was  partially  solved  by  designing 
the  stud  shown  in  the  illustration  at  the  left.  Scovill 
cold-forging  skill  then  solved  the  next  and  major 
part  of  the  problem  —  how  to  produce  the  stud 
economically.  Here  again  Scovill  fastenings  experts 
combined  a  practical  knowledge  of  what  to  do  — 
plus  how  to  do  it. 

Scovill  experts  in  cold-forging  for  sp>ecial  fasten¬ 
ings  have  helped  many  manufacturers  reduce 
assembly  time,  cut  costs,  and  produce  better  prod¬ 
ucts.  If  you  would  like  to  improve  a  product  through 
better  fastenings  —  or  if  you  have  a  product  need¬ 
ing  fastenings  that  is  in  the  design  stage  now,  call 
one  of  the  Scovill  experts  listed  below.  It  will  not 
obligate  you. 


Scovill  Manufacturing  Company 


Waterville  prodJ^ts  Division 


WATERVILLE  48,  CONN. 


TEL.  Waterbury  3-3151 


(continued) 


VARIAILE  TIMING 


sufficient  current  flows  through  the 
relay  to  cause  it  to  close  again.  The 
degenerative  action  of  the  triode 
maintains  a  high  rate  of  change  of 
current  through  the  relay,  assuring 
positive  action.  Figure  2  shows  the 
linear  time-discharge  curve  of  the 


RELAY  OPENS 


Many  of  the  war's  top  secrets  now  out  of  wraps  suggest  the  amazing 
possibilities  of  low  absolute  pressures  In  processing:  Kinney  Vacuum 
Pumps  served  the  war  program  with  distinction  and  are  now  being 
used  for  dependable  service  in  countless  peacetime  applications. 
Almost  without  exception  in  the  United  States  and  in  a  rapidly  growing 
number  of  plants  abroad,  Kinney  High  Vacuum  Pumps  are  standard 
equipment  for  exhausting  lamps  and  tubes.  They  also  provide  the  low 
absolute  pressures  for  sintering  alloy  metals,  coating  lenses,  refining 
rare  metals  and  producing  blood  plasma,  penicillin  and  other  drugs. 
In  fact,  they  are  used  effectively  wherever  a  dry  vacuum  pump  can  be 
applied,  including  cyclotron  evacuation  and  atom  smashing.  Kinney 
Single  Stage  Vacuum  Pumps  produce  low  absolute  pressures  to  10 
microns;  Compound  Vacuum  Pumps  to  0.5  micron. 

Send  for  Bulletin  V-45 


RELAY 


„  .  ,  SECONDS  _  _ 
TIMED  interval 


Fig.  2 — Timo-dUcharqe  relation  showing 
the  advantage  of  the  linear  discharge  A 
over  the  logarithmic  discharge  fi  of  a 
conventional  R-C  circuit 


degenerative  circuit  as  compared  to 
the  logarithmic  curve  obtained  by 
use  of  a  pure  resistance.  The  flatten¬ 
ing  out  of  the  logarithmic  curve 
toward  the  end  of  the  discharge  time 
presents  a  critical  period  in  the  op¬ 
eration  of  the  relay  during  which  in¬ 
accuracy  of  timing  may  occur. 

Another  variable  resistance,  shown 
in  the  charging  circuit,  provides  a 
means  of  compensation  for  varia¬ 
tion  in  tubes  and  in  line  voltage  con¬ 
ditions.  This  control  is  intended  for 
initial  adjustment  of  the  instrument 
but  may  be  employed  at  any  time  to 
correct  the  calibration. 


Kinney  Single  Stage  Vac¬ 
uum  Pump  installed  by 
Buckeye  Laboratories, 
Cleveland,  Ohio,  to  dehy¬ 
drate  and  degasify  refrig¬ 
erator  oil  for  General 
Electric  Co. 


Dielectric  Heating  Seals 
Giant  Balls 

•Electronic  heat-sealing  techniques 
learned  in  making  solar  stills  during 
the  war  for  obtaining  drinking  water 
from  the  ocean  have  been  applied  to 
the  manufacture  of  giant  toy  balls. 
In  the  method,  dielectric  heating  is 
used  to  join  large  strips  of  Vinylite 
in  airtight,  watertight  seams  that 
are  as  strong  as  the  thermoplastic 
material  itself. 

The  sections  of  the  thermoplastic 
to  be  sealed  are  placed  between  metal 
electrodes  supplied  with  r-f  power 
from  an  RCA  two-kilowatt  electronic 


3565  WASHINGTON  STREET,  BOSTON  30,  MASSACHUSETTS 

NEW  YORK  •  CHICAGO  •  PHILADELPHIA  •  LOS  ANGELES  •  SAN  FRANCISCO 
FOREIGN  REPRESENTATIVES 

G«n«ral  Engineering  Co.  (Radcliffe)  Ltd.,  Station  Works,  Bury  Rood,  Radcliffe,  Lancashire,  England 
Horrocks,  Roxburgh  Pty,  Ltd.,  Melbourne,  C.  I.  Australia 
W.  S.  Thomas  &  Taylor  Pty.  Ltd.,  Johannesburg,  Union  of  South  Africa 

ws'also  manufacture  liquid  pumps,  clutches  and  bituminous  distributors 
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HYGRADE 


DOUBLE 

SATURATED 


STANDARD 


TRIPLE 

STRENGTH 


IMPREGNATED 


FREE  FOR  THE  ASKING 


MITCHELL-RAND  INSULATION  COMPANY,  INC 

51  MURRAY  STREET  ■  COrtlandt  7-9264  NEW  YORK  7,  N.Y. 


A  PARTIAL  LIST  OF  M-R  PRODUCTS 
Fiberglas  Saturated  Sleeving,  Varnished  Tubing 
Asbestos  Sleeving  and  Tape 
Varnished  Cambric  Cloth  and  Tope 
Mico  Plote,  Tope,  Paper,  Clolh,  Tubing 


Fiberglas  Varnished  Tope  and  Cloth 
insulating  Papers  and  Twines 
Coble  Pilling  and  Potheod  Compounds 
Friction  Tope  and  Splice 
Transformer  Compounds 


Fiberglas  Braided  Sleeving 
Cotton  Tapes,  Webbings  and  Sleevings 
Impregnated  Varnish  Tubing 
Insulating  Varnishes  of  all  types 
Extruded  Plastic  Tubing 


TO  COVER  EVERY  KNOWN  REQUIREMENT 


FIBERGLAS  (INORGANIC) 
VARNISHED  TUBINGS 

M-R  Fiberglas  Varnished  Tubings 
are  made  in  four  grades:  Stand¬ 
ard;  Double  Saturated;  Triple 
Strength  and  Impregnated. 

STANDARD  GRADE 

has  maximum  flexibility,  is  treated 
with  a  minimum  of  varnish  and 
recommended  for  high  tempera¬ 
tures  where  dielectric  strength  is 
not  a  factor. 

DOUBLE  SATURATED 

has  all  qualities  of  the  Standard 
Grade  but  with  additional  coats 
of  varnish  to  bring  the  dielectric 
rating  up  to  1500  volts. 

TRIPLE  STRENGTH 

is  built  up  with  coats  of  especially 
flexible  insulation  varnish  for  di¬ 
electric  ratings 


up  to  2500  volts  and  is  par¬ 
ticularly  suited  where  assembly 
operations  jnclude  the  possibility 
of  ' rough  handling. 

IMPREGNATED 

is  the  Optimum  in  Superiority  for 
high  gloss,  non-hydroscopic,  re¬ 
sistance  to  high  temperatures,  oils, 
acids,  etc.  IMPREGNATED  has  a 
dielectric  rating  beyond  7000  volts 
and  is  unequalled  for  Long  Life 
Under  Most  Severe  Conditions. 
Write  For  Samples. 

FOR  USERS  OF  COTTON 
YARN  VARNISHED  TUBINGS 

The  A^tcheil-Rand  MiRAC  and 
HYGRADE  Varnished  Tubings  of 
bng  staple  fiber  yarn  are  com¬ 
parable  to  Fiberglas  Tubings  in 
dielectric  ratings,  tensile  strength, 
flexibility  and  long  life.  Write  For 
Samples. 


Write  today  for  your  free 
copy  of  the  M-R  WALL  CHART 
with  its  engineering  tables, 
electrical  symbols,  carrying 
capacities  of  conductors,  di¬ 
electric  averoges,  Sicknesses 
of  insulating  materials,  tubing 
sizes,  tap  drills,  etc.  ^ 


JIUIQURTERS 
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DIELECTRIC  HEATING 


(continutd) 


oscillator.  The  temperature  at  the 
interface  of  two  overlapped  edges  of 
the  material  increases  more  rapidly 
than  that  of  the  outer  surfaces.  This 
is  due  to  the  fact  that  heat  is  con¬ 
ducted  away  from  the  outer  surfaces 
by  the  unheated  metal  electrodes  in 
contact  with  them,  leaving  the  inter¬ 
face  at  a  higher  temperature,  and 


Seam-sealing  with  on  electronic  generator 
at  the  Lombard,  Ill.  plant  of  DuPage  Plas¬ 
tics  Company.  When  the  upper  electrode  is 
lowered,  strips  of  Vinylite  are  ioined  in  air¬ 
tight  seams 


this  heat  differential  is  increased 
progressively  by  the  capacity  of  the 
warmer  area  to  absorb  a  greater 
amount  of  power. 

Each  ball  is  22  inches  in  diameter, 
has  a  wall  0.006  inch  thick  and 
weighs  nine  ounces  when  inflated.  It 
can  be  bounced,  rolled,  kicked, 
thrown,  tumbled  on,  or  used  as  a 
punching  bag,  a  hassock,  or  a  surf 
float  without  bursting,  and  will  with¬ 
stand  heat  and  cold  as  well  as  salt 
water.  According  to  the  DuPage 
Plastics  Company,  it  is  the  first  big, 
tough,  lightweight  bladderless  ball 
that  has  ever  been  successfully 
manufactured. 

The  job  could  not  be  done  on  a 
practicable  basis  by  any  other  heat¬ 
ing  method.  If  the  seams  were 
stitched  in  the  conventional  manner, 
a  separate  waterproofing  operation 
would  be  required. 

•  •  • 

Plant  Truck  Traffic 
Control  with  Intercoms 


In  Toledo,  Spicer  Manufacturing 
Corp.  uses  many  power-driven  trucks 
to  convey  material  from  one  part 
of  the  plant  to  another,  or  from 
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REFLECTOR 


- FEED  HORN 

ROTATING  JOINT 


The  DeMornay-Budd  packaged  R.  F.  Unit  provides  a 
complete  R.  F.  assembly  for  microwave  radar.  It  is  now 
possible  to  obtain  as  standard  items  all  the  microwave 
R.  F.  components  necessary  in  the  fabrication  of  a  com¬ 
plete  radar  — DeMornay-Budd  Standard  Transmission 
Line  Components  plus  packaged  R.  F.  Unit. 

The  R.  F.  Radar  Unit  is  delivered  complete  and  ready 
to  operate.  It  is  wired  and  contains  all  the  necessary 
tubes  and  crystals.  The  unit  uses  a  packaged  magnetron 
capable  of  delivering  20  kw.,  peak  power,  at  9375  me. 
Two  type  2K25  local  oscillator  tubes  are  provided,  one 
for  receiver  and  A.F.C.  and  the  other  for  beacon  opera¬ 
tion.  A  type  1B35  A-T-R  tube,  a  type  1B24  T-R  tube  and 
the  necessary  type  1N21  crystals  are  included  in  the  as¬ 
sembly.  A  20  db.  directional  coupler  permits  accurate 
measurements  to  be  made  at  any  time  with  a  maximum 
of  convenience  and  safety. 

Since  the  use  of  radar  beacons  is  contemplated  in  the 
near  future,  the  unit  has  been  designed  with  a  beacon 
cavity  and  crystal  mount.  The  unit  can  be  supplied  with¬ 
out  the  beacon  cavity  and  crystal  mount  and  beacon  local 
oscillator,  and  a  termination  supplied  in  their  place  so 
that  it  becomes  a  simple  matter  to  convert  to  beacon 
operation  when  necessary. 

We  offer  complete  laboratory  research  facilities  and  have  avail¬ 
able  such  production  test  equipment  as:  Standing  Wave  Detectors, 
Calibrated  Attenuators,  Slug  Tuners,  Power  Supplies,  Square 
Wave  Modulators,  in  addition  to  transmission  line  components 
shown  in  diagram  above.  Write  for  information  or  catalog. 
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FLAT  90*  ELBOW 


90*  TWIST 


MITEREp,  ELBOW 


STRAIGHT 

SECTION 


EDGE  90*  ELBOW'  90*  TWIST 


R.  F.  Radar  unit  #412  (indicated  by 
osterisk)  used  in  conjunction  with 
standard  PeMomay-Budd  transmis¬ 
sion  line  components. 


EQUIPMENT 

FOR 

97%  OF  ALL 
RADAR  SETS 


DE  MORNAY.BUOO,  INC. 

475  GRAND  CONCOURSE.  NEW  YORK.  N.  Y. 


TR*>fFIC  CONTROL 


(continued) 


one  department  to  another.  This 
created  a  problem:  how  to  know 
where  any  truck  was  at  a  given  time 
so  that  a  department  which  needed  a 
truck  could  be  served  on  very  short 
notice. 

The  two  sections  of  the  plant  cover 
several  acres  and  trucks  constantly 
were  being  lost  in  the  shuflfle.  Much 
time  was  wasted  by  departments 
waiting  for  material  and  by  depart¬ 
ments  which  had  material  to  be 
moved  out. 

Quick  communication  was  needed 
between  the  operators  of  roving 
trucks  and  a  central  point  from 
which  the  trucks  could  be  controlled 
and  their  operations  coordinated.  An 
internal  trucking  department  was 
set  up  and  the  two  separate  central- 
control  intercommunications  systems 
made  by  Executone,  Inc.,  New  York, 
were  installed. 

Two  control  stations  are  placed  in 
the  truck  dispatcher’s  office.  Seven¬ 
teen  substations  are  located  at  stra¬ 
tegic  points  to  give  complete  coverage 
of  the  plant.  Nine  substations  in  one 
section  of  the  plant  are  connected  to 
one  control  station  and  eight  substa¬ 
tions  in  another  section  are  con¬ 
nected  to  the  other  control  station. 

.4  control  chart,  called  the  dispatch 
board,  is  placed  on  a  large  desk  in 


In  the  Green  Flyer  Two-Speed  Electric  Phonograph 
Motor  made  by  The  General  Industries  Company,  Elyria, 
Ohio,  the  gears  are  helical  cut  from  blanks  of  Taylor 
Phenol  Fibre. 

Four  factors  dictated  the  choice  of  Taylor  Phenol 
Fibre:  (1)  Fibre  gears  mesh  silently,  eliminating  any 
mechanical  undertone  to  the  music.  (2)  Grade  C  Fibre 
used  in  these  gears  is  unusually  resistant  to  the  lubricants 
and  compounds  in  which  the  gears  are  constantly  bathed. 
(3)  The  wear-resistance  of  this  material  insures  the  long 
life  of  the  gears.  (4)  The  easy  machineability  of  Taylor 
Phenol  Fibre  eliminates  production  trouble. 

Other  grades  of  Taylor  Phenol  Fibre  gear  stock  are 
specially  fabricated  for  everything  from  the  tiny,  pre¬ 
cision-built  gears  in  electric  clocks  up  to  the  heavy  gears 
that  are  used  in  the  gear  trains  of  machinery.  They  can 
be  cut  into  helical,  spur,  bevel,  or  worm  gears  by  your 
local  gear  cutter. 

If  your  product  uses  gears,  you  can  probably  improve 
its  operation  by  specifying  and  using  Taylor  Silent  Gear 
Material.  Our  engineers  will  be  glad  to  go  into  a  huddle 
with  you,  without  obligation.  Write  for  further  facts, 
samples,  or  a  consultation  in  your  plant  or  ours. 


Colls  to  a  central  dispatcher  are  trans¬ 
mitted  from  this  substation  by  operators  of 
power-driven  plant  trucks 


the  dispatcher’s  office.  An  outline  of 
both  sections  of  the  plant  is  painted 
on  the  board,  and  holes  drilled  in  the 
board  show  the  location  of  each  de¬ 
partment  and  the  location  of  each 
substation.  Pegs  are  numbered  to 
represent  different  truck.s  and  two 
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An  extensive  line 
of  A.R.C.  radio  and  || 
electronic  components 


ior  aircraft  use.  Component 
J  to  Ihost  listed  here 
th  in  the  A.R.C.  receivers  and  irons- 

craft  during  the  war. 


;,.on  Built  to  Aircraft  Standards 


Precision 


AkC  Alvltf-contoct  Connector  with  Corontic  Inserts 


AftC  "Magic  Tea"  and  Microwav*  Coupfer 


MULTI'CONTACT  CONNiCTORS  WITH  CERAMIC  INSERTS  — A.R.C 
has  developed  a  line  of  Ceramic-Insulated  Multi-Contaa  Plugs 
and  Receptacles  to  combat  carbon-tracking  due  to  flashover.  Float¬ 
ing.  self-aligning  female  contacts  and  replaceable  pin-plugs  mean 
ease  of  maintenance  and  assembly  as  well  as  efficient  service.  Com¬ 
pletely  interchangeable  with  A.R.C.  Bakelite  insulated  Plugs  and 
Receptacles,  the  Ceramic  type  is  provided  in  all  types  and  sizes  for 
use  with  shielded  or  unshielded  cable,  or  with  open  wiring. 


MICROWAVE  PLUMBING  AND  ACCESSORIES  _a  complete  line  of 
Microwave  Plumbing  and  Accessories,  engineered  to  A.R.C.  pre¬ 
cision  standards,  is  now  available.  NX'ith  the  increasing  emphasis 
on  microwave  transmission  in  modern  aircraft  navigation  and 
control,  A.R.C.  has  pioneered  in  the  design  «>f  equipment  for  this 
type  of  operation.  Typical  of  A.R.C.  Microwave  Accessories  are 
the  "Magic  Tee”  and  Directional  Coupler  illustrated.  Other  items, 
such  as  the  24,000  megacycle  attenuator,  use  the  unique  "split 
plate”  construction  developed  by  A.R.C. 


ARC  Vortobl*  Ait  Cond»ft»»r  and  Stoltd,  Oil  Popae  Typm 


Mintalyrifd  O.C, 
Rtfay  by  ARC 


Prtition  Bvilt  “Mutlp 
Box"  Typo  Switch 


RELAYS  AND  SWITCHES  —  Compact,  lightweight  relays  designed 
by  A.R.C.  have  had  years  of  use  under  the  extreme  conditions  of 
vibration,  humidity  and  temperature  encountered  in  military  air¬ 
craft  operation.  Available  in  several  types  and  sizes,  they  meet 
rigid  requirements  for  reliability  and  specified  performance. 


CONDENSERS —  VARIABLE,  ADiUSIABLC,  AND  SEAiit'  —Variable 
and  adjustable  air  condensers  by  A.K.C.,  designed  for  use  in  both 
receivers  and  transmitters,  are  available  in  both  single  and  multiple 
sections.  Features  of  this  equipment  include  the  use  of  forked 
springs  to  provide  positive  grounding  of  rotor  shafts,  a  special 
glass-ball  methcxl  of  stator  support  which  keeps  dielectric  losses 
to  a  minimum,  and  cadmium  plating  of  rotor  and  stator  assemblies. 


A.R.C.  Precision-built  Switches  are  made  in  Drum-Type, 
"Music-Box”  Type,  and  special  Toggle  and  Push  Types,  and  are 
available  in  various  contact  combinations.  All  are  designed  to 
stand  up  under  the  hardest  usage,  and  are  manufactured  to  the 
highest  standards  of  the  aviation  industry. 


A  complete  line  of  Sealed  Oil  Paper  and  Dry  Electrolytic  Con¬ 
densers  have  been  designed  by  A.R.C.  in  both  cylindrical  anti 
rectangular  types,  sealed  in  cadmium-plated  brass  cans.  Minimum 
leakage  path  to  ground  is  approximately  l/16th  inch,  good  for 
a  breakdown  test  of  2000  volts  D.C. 


Sealed  Chokes  and  Transformers  arc  also  available  in  the  cylin¬ 
drical  design. 


For  compfefo  Parts  Catalog,  or  specific  Information,  write 

Aircraft  Radio  Corporation 


BOONTON,  NEW  JERSEY 
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View  of  bulb  coating  room  in  which  con- 
▼eyor  bolts  transport  bulky  c-r  tubes  to  the 
sereral  operations 
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SHALLCROSS  MANUFACTURING  COMPANY 

Dept.  E-76  Jackson  &  Pusey  Avos.,  Collingdale,  Pa. 


SHALLCROSS 


Electrical  Measuring  In¬ 
struments*  AKRA-OHM  Re¬ 
sistors*  Precision  Switches 
*  Electronic  Engineering 


TRAFFIC  CONTROL 


(eentinusd) 


BRIDGES -RESISTANCE  STANDARDS 
FAULT  LOCATION  BRIDGES 
DECADE  POTENTiOHETERS 
HIGH-VOLTAGE  TEST  EOUiPMENT.  etc. 


LOW  PRICED 

Kugge^ 


ACCURATE 


EASILY  REPAIRED  IN 
CASE  OF  AAISUSE 


Shallcross  Test  Instruments  are 
built  for  hard,  frequent  use  on  any 
job  —  for  production  line,  field, 
school  or  laboratory  service.  No 
need  to  worry  about  how  or  by 
whom  they  are  used.  They^re  rug¬ 
ged  and  dependable.  In  case  of  mis¬ 
use,  repairs  are  usually  made  locally. 

These  instruments  are  accurate 
for  every  commercial  and  most  lab¬ 
oratory  needs.  Available  in  types, 
sizes  and  ranges  for  every  testing 
need  —  at  prices  to  make  their  reg¬ 
ular  use  practical. 

Write  for  engineering  bulletins 
on  any  type. 


dispatchers  place  these  pegs  in  the 
holes  representing  different  depart¬ 
ments  as  each  truck  operator  at  the 
completion  of  a  job  calls  the  dis¬ 
patcher  from  one  of  the  substations 
and  reports  that  he  is  ready  for  an¬ 
other  assignment. 

In  the  morning,  each  driver  of  a 
truck  takes  his  truck  to  the  substa¬ 
tion  to  which  he  is  assigned.  Now, 
suppose  that  Department  17  needs  a 
truck.  The  operator  at  the  dispatch 
board  uses  his  master  station  to  call 
the  truck  which  is  nearest  to  that  de¬ 
partment.  The  peg,  bearing  the  num¬ 
ber  of  this  truck  operator,  is  then 
placed  at  Department  17.  As  soon  as 
the  driver  completes  his  work,  he 
goes  to  the  nearest  substation  and  re¬ 
ports  to  the  dispatcher’s  office  that  he 
is  ready  for  another  assignment. 

Much  time  is  saved,  efficiency  is 
increased  and  over-all  truck  opera¬ 
tion  is  greatly  speeded  up  through 
the  coordination  of  truck  operations 
made  possible  by  the  system. 


Streamlining  C-R  Tube 
Production 

By  M.  Silverman,  Production  Manager 

Cathode  Ray  Tube  DivMon 
North  American  Philips  Company,  Ine. 
Dobbs  Ferry,  N.  Y. 

Mass  production  methods  are  now 
used  in  many  phases  of  cathode-ray 
tube  manufacture.  One  of  these 
steps,  bulb  coating,  is  ideally  suited 
for  such  procedure. 

Bulbs  are  first  washed  at  one  end 
of  a  long  narrow  room,  then  placed  in 
a  long  conveyor  which  carries  them 


FLfXIBLi 

vaknishid 

»,o«dord  ^ 


TUBIN®' 


will  not  owoll, 
run  or  shrink 
under  severe 
conditions! 


Heat  usually  inaans  troublai  But  where  **hot 
spots”  are  unavoidable  in  installation  tMh 
niques  or  on-tha-job  conditions,  you  will 
avoid  trouble  by  specifying  TURBOTUF. 
This  tough  insulating  material  is  made  to 
stand  up  under  higher  heat  levels  than  are 
usually  experienced.  Flame  resistant  as  well 
as  heat  resistant,  TURBOTUF  varnished 
fabric  tubing  and  sleeving  is  the  answer 
where  ordinary  heat  conditions  prevaiL  But 
where  excessively  high  ranges  are  antici¬ 
pated,  specify  TURBO  varnished  Glass 
Fiber  tubing  ...  a  remarkable  material 
woven  from  strands  of  spun  glass  as  fine  and 
su];^e  as  silk  yam  . . .  with  all  the  heat  and 
chmucal  reetstance  oi  glass  itself. 

Improved  impregnating  methods,  using  an 
exclusive  TURBO  vamirii  applied  to  die 
fabric  to  saturation,  provide — in  addition'  to 
snpMiOT  heat  resistance — high  didhtctric 
values  .  ,  .  extremely  valuable  bend  and 
twist  breakdown  resistance  ...  and  protec¬ 
tion  aiAinst  moisture,  chemicals  and  oils. 

Write  on  your  company  lettsshead  for  the 
&ee  TURBO  Sample  Board  with  testing 
specimens  and  sixes  of  eatdt. 


fItfIMMf MUI..  IF  irS 


„„OUS  OlASS  lUSIMO:  ^ 

'TSl.rl'S  S  075'  °o.. 

'*  TS/"  to  NO.  V. 


&  COMPANY 

276  FOURTH  AVE.,  NEW  YORK  10,  N.  Y. 
32^  W.  HURON  ST.,  CHICAGO  10,  III. 
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TUBE  PRODUCTION 


(continued^ 


to  the  opposite  end  of  the  room 
where  the  face  is  baked  in  an  oven. 

Next,  they  go  to  an  automatic 
spraying  machine.  The  operator 
places  the  bulb  in  position,  pulls  the 
trigger,  and  an  oscillating  spray 
gun  coats  the  face  of  the  rotating 
tube  with  fluorescent  powder. 

Another  conveyor  takes  the  tube  to 
an  inspector,  to  a  rough  wiper,  to 
a  fine  wiper,  to  an  operator  who  ap- 


mcets  every  requirement 

for .  RUGGED 

ALL-PURPOSE  MICROPHONE 


LOOK  at  these 
Performance  Features 


Packed  with  power  to  spare  — 
built  to  take  rough  handling  and 
bad  climate  conditions  —  engi¬ 
neered  for  smooth  response  to  both 
music  and  voice  pickups,  the 
Turner  Model  33  is  an  all-around 
microphone  for  recording,  P.A., 
call  system,  studio,  and  amateur 
work.  A  professional  unit  for  pro¬ 
fessional  results.  Ask  your  distrib¬ 
utor  or  write. 


33X  Crystal 

•  Moisture-sealed  crystal. 

•  90°  tilting  head. 

•  \\  ind  and  blast-proofed. 

•  Barometric  compensator, 

•  Chrome  finished  case. 

•  Level  -52DB. 

•  Range  30-10,000  cycles. 

•  Removable  cable  set. 


Cathodes.  165  of  them,  are  coated  with  a 
spray  gun  while  they  are  held  in  a  special 
platen.  The  operation  is  one  step  in  mass 
production  of  c-r  tubes  at  the  Philips  plant 

plies  Dixonce  to  the  inner  surface, 
and  finally  to  a  rotating  oven.  The 
oven  operator  inspects  the  bulb  "and 
then  places  it  in  the  oven.  Here  it 
passes  through  four  compartments 
where  it  is  baked  at  320,  480,  520 
and  down  again  to  320  C.  When  bak¬ 
ing  is  completed,  the  bulb  is  rein¬ 
spected  and  sent  to  the  sealing  de¬ 
partment. 

In  this  bulb-coating  set-up,  every 
operation  is  completely  mechanical. 
No  operator  needs  to  transport  bulbs 
from  one  place  to  another — in  fact, 
he  need  not  move  from  his  position. 
The  capacity  of  this  system  is’  tre¬ 
mendous,  considering  the  fact  that  it 
occupies  a  floor  space  measuring  only 
16  by  70  feet.  Capacity  of  the  bulb 
coating  room  with  10  operators  is 
1400  tubes  per  day  or  more. 


namic 


•  Heavy  duty  dynamic 

cartridge. 

•  90°  tilting  head, 

•  Wind  and  blast-proofed. 

•  Chrome  finished  case. 

•  Level  -54DB. 

•  Range  40-10,000  cycles. 

•  Removable  cable  set. 

•  Choice  of  impedances. 


Free  T urner  Catalog 

Write  for  your  copy 


905  17th  Street,  N.I. 
Cedar  Rapids,  lowcf 


under  ll.S  Patentp  of  the  American  Telephone  &  Telegraph  Company,  and  Western 
Electric  Company.  Incorporated. 

Crystals  licensed  under  patents  of  the  Brush  Development  Company^^^^^^^^^l 


Hertz  discovered  in  1887  that  cer¬ 
tain  metals  give  off  electrical  energy 
under  the  influence  of  light,  the 
basic  principle  of  phototubes. 


ELECTRONICS 


Built  to  perform  better 
and  last  longer 


Federal’s  7C25  is  especially  designed 
for  hard  working  conditions.  It  with¬ 
stands  not  only  the  abuse  of  extreme  load 
variations  in  electronic  heating  opera¬ 
tions...  but  mechanical  deterioration  as 
well. 

Widely  spaced,  unusually  tough  fila¬ 
ment  and  grid  elements,  positioned  with¬ 
out  ceramic  insulators,  resist  shocks  and 
constant  vibration  from  adjacent  ma¬ 
chinery.  In  addition,  electrical  ratings  are 
conservative,  with  a  wide  margin  of  safety 
. . .  insuring  still  further  the  long,  trouble- 
free  service  you  can  expect  from  this  tube. 

In  37  years  of  Federal  tube  making 
and  research,  longer  tube  life  has  always 
been  a  prime  objective.  Federal’s  success 
in  the  7C25,  as  well  as  in  a  broad  line  of 
rectifying  and  transmitting  tubes,  means 
lower  tube  costs  to  you.  Write  for  your 
copy  of  Federal’s  68-page  Handbook  of 
Tube  Operation. 

5KW  Dielectric  Heating  Unit  manufactured  by 
Illinois  Tool  Works,  Chicago.  Two  Federal  7C25 
Tubes  are  more  than  ample  to  produce  the 
rated  output  of  this  unit. 


...in  industrial  electronic 
equipment  such  as  this  5KIV 
dielectric  heating  unit 


TECHNICAL  DATA  FOR  TYPE  7C25 

Filament  Voltage . 11.0  volts 

Filament  Current . 27.5  amps. 

Maximum  Ratings  for  Maximum  Frequency  of  50  Mcs 

DC  Plate  Voltage . 4500  volts 

DC  Plate  Current . 1.25  amp. 

Plate  Dissipation . 2500  watts 

Overall  Height . App.  7  inches 

Maximum  Diameter . 3V^  inches 

Supplied  with  6*  flexible  copper  leads.  2  on  each  terminal. 
Type  of  Cooling . Forced-air 


Newark  1,  New  Jersey 


Export  Distributor! 

Intwnotionol  Standard  Ehctrk  Corporation 
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F-M  and  A-M  Receiver  for  Comparison  Tests 


By  William  F.  Frank  art 

DcMiffn  Engineer 
I  iiwiiton.  Colifornin 


Thk  receiver  to  be  described  was 
designed  to  tune  over  the  ranj^e  of 
15  to  170  megacycles  and  to  have  an 
overall  sensitivity  of  two  microvolts. 
It  receives  amplitude-modulated  sig¬ 
nals  having  high  adjacent  channel 
interference  and  also  receives  wide¬ 
band  frequency-modulation  signals. 
It  was  used  for  making  direct  com¬ 
parisons  between  frequency  modula¬ 
tion  and  amplitude  modulation  reli¬ 
ability -of -communication  tests. 

The  receiver  had  to  be  stable,  of 
known  sensitivity,  known  passband 
characteristics  and  rapid  changeover 
from  a-m  to  f-m.  It  is  also  suitable 
for  the  determination  of  maximum 
frequency  and  minimum  phase  devi¬ 
ation  and  of  the  mean  carrier  fre¬ 
quency  tests  as  described  by  Crosby 
pages  85-87,  Hund,  “Frequency 
Modulation”).  For  these  tests,  a 
receiver  that  has  narrow  passband 


(.'haracteristics  on  a-m  is  necessary 
and  no  commercial  communication 
receiver  in  this  frequency  range  was 
found  suitable. 

('rgntnl  Ifindts 

Two  separate  i-f  channels  are 
used,  tuned  to  ten  megacycles.  The 
a-m  channel  has  a  pass  band  of  six 
kilocycles.  Of  special  interest  in  this 
channel  is  the  use  of  Sylvania  1N34 
germanium  crystal  diodes.  The  crys¬ 
tals  are  used  in  a  circuit  that  is,  in 
addition  to  being  the  second  detector, 
a  noise  limiter  that  is  very  effective 
on  pulses  of  steep  wave  front  and 
short  duration  such  as  automobile 
ignition  interference. 

The  second  detector  and  noise- 
limiter  circuit  operation  was  greatly 
improved  because  the  germanium 
crystal  diode  starts  to  work  at  much 
less  signal  level  than  the  typical 


6H6  diode.  Also,  the  electrostaii*- 
capacitance  of  the  crystal  diode  i.'. 
much  less  than  the  6H6.  The  blockiny 
characteristic  of  the  crystal  is  an¬ 
other  factor  that  contributed  to  oper¬ 
ation  as  a  peak  pulse  noise  limiter. 

The  f-m  i-f  channel  has  a  passband 
of  300  kilocycles,  this  being  wide 
enough  for  f-m  reception.  The  circuit 
features  the  use  of  bifilar-wound 
single-tuned  i-f  transformers  and 
germanium  crystals  in  the  Seely 
ratio  detector.  By  using  the  bifilar- 
wound  i-f  transformer,  certain  ad¬ 
vantages  were  had ;  more  gain  per 
stage,  a  high  degree  of  stability,  les.^^ 
components  necessary,  one  circuit  to 
align,  and  wider  passband  character¬ 
istics. 

All  bypass  capacitors  under  0.001 
Ilf  are  silver  mica  and  all  capacitors 
below  0.01 1  /if  are  low-loss  mica.  The 
a-m  i-f  transformers  are  Aladdin 
No.  1201  with  capacitors  as  called  for 
in  the  schematic.  The.se  transformers 
are  normally  designed  to  operate  on 
12.6  megacycles  and  the  capacitance 
increase  was  necessary  to  obtain  the 
characteri.stics  desired.  The  ratio  de¬ 
tector  i-f  transformer  is  a  Bendix 
No.  AT.  73026-1. 

Facsimile  to  Moving 
Train  via  VHF 

FIR.ST  TRANSMISSION  of  a  facsimile 
message  to  a  speeding  train  was  done 
from  the  Capitol  Building  in  Wash¬ 
ington.  in  the  same  room  that  Samuel 


Circuit  of  tho  r-l  and  I-f  staqoa  of  tho  combination  rocoiTor  dotiqnod  for  conToniont  comporiaon  of  f-m  ond  a-m  ^qncda 
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Photos  (ourlety  Control  Kquipmtnl  Company.  i47  Brushlon  Atenue.  Pttlshurgh  21 ,  Prnna. 


kkk  Ip  this  interesting  application  a 
Guardian  Relay,  the  Series  150-A, 
regulates  the  duty  cycle  of  a  Thyratron  tube  to  control  the 
time  involved  operating  a  testing  tool  for  metal  sorting. 

Unit  shown  is  the  Metalsorter  which  employs  the  tribo- 
electric' effect  on  metals,  steel  and  non-ferrous  alloys.  The 
principle  is  simple.  An  acceptable  or  standard  metallic  speci¬ 
men  is  placed  in  the  holding  chuck  of  a  reciprocating  tool, 
and  the  test  is  made  by  rubbing  the  standard  against  the 
unknown  for  a  controlled  time. 


When  a  chemical  or  metallurgical  dissimilarity  between  the 
chuck-held  specimen  and  the  unknown  material  occurs,  a 
minute  electrical  current  is  generated  and  registered  by  an 
indicator  on  a  calibrated  dial.  If  the  metals  are  alike,  there 
is  no  current  flow.  Consequently,  the  operator  is  enabled  to 
quickly  identify,  sort,  or  accomplish  non-destructive  testing 
of  each  item. 

Again  the  association  of  a  Guardian  Relay  and  an  electron 
tube  solves  an  intricate  control  problem. 


GUARDIANllilELECTRIC 

1625-H  W.  WALNUT  STREET  CHICAGO  12.  ILLINOIS 


1625-H  W.  WALNUT  STREET 
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TRAIN  FACSIMILE 


(continuad) 


EXTtfMnr  UCHT  WBCHT  A$ 
lOW  Ai  Ih  OUNCES 


Xl-3-12  PLUG 


Transmitting  Equipment 


The  scanner  unit  at  the  transmit¬ 
ter  contains  two  seven-inch  rotatable 
drums  measuring  slightly  less  than 
three  inches  in  diameter  and  placed 
end  to  end  on  a  common  axis.  To 
these  is  fastened  the  subject  copy. 
The  drums  may  be  operated  singly  or 
in  tandem  to  accommodate  large 
copy. 


F.  B.  Morse  flashed  his  famous  mes¬ 
sage,  “What  hath  God  wrought”,  102 
years  ago.  The  same  message,  writ¬ 
ten  by  Miss  Margaret  Truman,  the 
President’s  daughter,  was  transmit¬ 
ted  to  a  moving  train  of  the  Balti¬ 
more  &  Ohio. 

The  demonstration  was  staged  by 
Press  Wireless  Manufacturing  Corp, 
in  cooperation  with  the  Baltimore 
and  Ohio  Railroad  and  Bendix  Radio 
Division  of  Bendix  Aviation  Corp. 
and  employed  facsimile  equipment 
consisting  of  a  scanner  and  page  re¬ 
corder  of  their  own  design  in  the 
demonstration  of  radio  facsimile 
transmission  between  fixed  stations 
and  a  moving  train. 


Block  diagram  of  facsimile  transmitter 
when  u^q  frequency-shift  modulation. 
Similar  stages  ore  used  for  amplitude 
modulation  but  a  re-keyer  circvdt  is  sub¬ 
stituted  for  the  frequency-shift  oscillator 


At  the  rear  of  the  unit,  a  small  op¬ 
tical  scanning  head  controlled  by  a 
precision-threaded  lead-screw  moves 
across  the  instrument  from  left  to 
right.  The  scanning  head  contains  a 
tungsten  filament,  constant-intensity 
exciter  lamp,  a  photoelectric  cell  and 
a  precision  lens  assembly. 

The  lens  before  the  exciter  lamp 
is  so  arranged  that  a  minute  pinpoint 
of  light  strikes  the  revolving  copy  at 
right  angles,  while  another  lens  as¬ 
sembly  picks  up  only  the  angular  re¬ 
flected  or  incident  light  which  is  then 
focused  upon  the  photoelectric  cell. 
Copy  variations  from  black  to  white 
are  thus  converted  to  variations  in 


CANNOH  ELECTRIC 

Cannon  Electric  Development  Co.,  Dept.  G-120, 
Los  Angeles  31,  Calif.  •  Canadian  Factory  and 
Engineering  Office:  Cannon  Electric  Co.,  Ltd., 
Toronto,  Canada  •  Representatives  in  Principal 
Cities  .  .  .  Consult  Your  Local  Telephone  Book 


Type  XL  is  the  new  low-price  ”radio  universal’ 
Predsion  Cannon  Connector.  Bom  of  the  de¬ 
mand  for  more  compact  fittings,  the  Type  XL 
connector  is  a  precision  product  of  the  highest 
Cannon  quality.  And  its  design  is  based  on 
sound  engineering . . .  for  Cannon  Plugs  have 
XI-3-14N  RECEPTACLE  a  IS-year  background  as  standard  equipment 
on  the  finest  of  broadcast  equipment. 

The  Type  XL  is  a  balanced  design:  It  contains 
all  the  features  that  spell  convenience  and  utility 
...and  it  is  a  product  of  precision  craftsmanship. 
Illustration  above  points  out  the  features  that 

Xl-3-14  RECEPTACLE  ^ 

establish  Type  XL  as  a  typical  Cannon  product. 


XI-3-13N  RECEPTACLE 


FOR  ALL  LOW  LEVEL  SOUND 
TRANSMISSION  CIRCUITS 
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IMUFACTURINIP 


StTAND  CjTY  i;  HEW  YOtK 


achievements  of  today 


Achievement  indeed  was  Samuel  B.  Morse's  invention  of  the  Telegraph, 
symbolized  by  his  first  message  "What  Hath  God  Wrought"  . . . 
and  today  102  years  later  another  achievement  takes  form  . . . 
reproduced  above  is  the  message  Miss  Margaret  Truman, 
daughter  of  President  Truman,  wrote  and  which  was  Press  Wireless 
Photo-Facsimilied  from  the  Law  Library  of  the  Capitol  to  a  train 
speeding  from  Baltimore  to  Washington,  D.  C. . . .  today's  achievements  are 
tomorrow's  routine  . . .  and  so  it  is  and  will  be  with  Press  Wireless 
Photo-Facsimile  Communications  . . .  letters,  memoranda  of  instruction 
and  commerce,  newspaper  copy,  charts,  maps,  graphs,  photos  and 
anything  that  can  be  put  on  paper  will  be  split-second 
transmitted  and  received  by  this  communication  system. 

Illustrated  is  Press  Wireless  PHOTO-FACSIMILE  SCANNER  FT-I  . . . 
a  precision  instrument  which  is  the  sending  part  of  the  Photo-Facsimile 
Communication  System.  The  equipment  is  simple  to  operate 
and  works  on  a  standard  1 1 0-220  volt,  single-phase  power  source.  Either 
an  amplitude-modulated  1800-cycle  signal  or  a  frequency-shifted 

audio  tone  is  available  at  the  output. 


Actual  synchronization  between  this 
unit  and  the  recording  equipment  is 
not  necessary  due  to  the  precision 
frequency-controlled  circuits  employed. 

CHARACTERISTICS 

Index  of  cooperation. ...289.5 

Drum  Speed  . 100  rpm 

Drum  Diameter  . 2.83  incites 

Drum  Length  . Two  7"  drums  (may  be 

used  singly  or  in  tandem 
to  accommodate  14*' 
copy.) 

Lines  per  inch  . 102.3 

Subject  copy  size . 7"  x  8.5" 

Frequency  Control  ....Compensated  Tuning 
Fork 

AM  Carrier  Frequency..  1800  cps 
FS  Frequency  Range. ...2 100  to  3000  cps 
Output  Level  (AM)... .8  to  28  vu 
Output  Level  (FS) . 8  vu 


routine 
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TRAIN  FACSIMILE 


(continuad) 


light  intensity  arriving  at  the  cath¬ 
ode  of  the  photoelectric  cell  in  a  mod- 
ilator  circuit  of  the  scanner  unit. 

As  the  copy  revolves,  the  thread  on 
the  lead  screw  advances  the  scanning 
'  head  approximately  1/100  of  an  inch 
for  each  rotation  of  the  drum  so  that 
;  the  copy  is  scanned  by  approximately 
I  100  lines  per  inch  as  the  head  travels- 
across  the  subject  matter.  Thus  each 
line  consists  of  sequential  series  of 
picture  elements  resulting  from  the 
,  photo-optical  analysis  of  the  copy  by 
the  scanning  head  which  are  then 
translated  to  electrical  impulses  in 
an  electronic  circuit  and,  after  suit¬ 
able  amplification,  transmitted  by 


make 

direct-writing 
recordings  from 
D.  C.  to  100  cycles 
per  second! 


The  lemoikoble  new  Brush  Magnetic  Re¬ 
cording  Pen  Motor  — heart  of  the  Brush 
Direct-Inking  Oscillograph.  Highly  stable. 
May  be  used  under  virtually  any  climatic 
or  temperature  conditions.  Exceptional 
accuracy. 


•  InsianianeousM  permanent,  ink-on-paper  recordings  by  Brush  Oscillo-  j!  ■  -  J- 

graphs  make  their  use  almost  unlimited.  Accurate  recordings  of  strains,  i  ^ 

pressures  cmd  coimtless  electrical  phenomena  ccm  be  made  over  a  Ire-  ^  |  _  *"*"**' _ 

quency  range  of  D.C.  to  100  c.p.s.  Either  A.C.  or  D.C.  circuits  con  be  j  H  1 

measured.  Whenever  desired,  recordings  may  be  stopped  for  notations  | 
on  chart-paper.  j! 

Brush  Oscillographs  are  compact,  portable  and  ruggedly  constructed  I  '  ^  *’*  *"  I  X,  H  issi.  I 

for  ease  of  handling  and  operation.  Investigate  them  now.  Brush  engi-  j  _  _ _  j 

neers  will  gladly  co-operate  in  determining  their  application  to  your  !  Ir/  H 

problems.  Write  for  technical  bulletin  No.  593  for  complete  details  of  _ _ _ — ^ 

this  equipment. 

stages  of  Press  Wireless  fac¬ 
simile  recording  equipment  for  both  am- 
■  plitude  modulation  and  the  frequency-shift 


wire  or  radio  using  frequency 
shifted  or  amplitude-modulated  sig 
nals. 


Synchronizing 


Brush  Single-Channel  Magnetic  Oscillo¬ 
graph  with  amplifier.  Especially  suited 
for  counting,  temperature  recording, 
surface  oncdysis-and  similar  applica¬ 
tions.  Three-speed  paper  drive,  5, 25, 125 
mm  per  second.  Chart  paper  2H’'  wide. 


Brush  Double-Channel  Magnetic  Oscillo¬ 
graph  for  use  where  two  simultaneous 
recordings  are  desired  as  in  synchro¬ 
nizing  problems.  Three -speed  paper 
drive,  5^,  25.  125  mm  per  second.  Chart 
paper  wide. 


A  mechanical  tuning-fork  oscil¬ 
lator  circuit,  accurate  to  1  part  in 
100,000,  is  used  to  govern  the  drum 
speed  on  the  units.  The  output  of  the 
oscillator  is  amplified  and  sub-har¬ 
monics  of  the  fundamental  frequency 
are  locked  up  in  multivibrators.  The 
output  of  the  multivibrators  is  then 
amplified  and  supplies  the  constant 
frequency  a-c  voltage  and  current  re¬ 
quired  to  drive  the  small  synchron¬ 
ous  motor  which  in  turn  drives  the 
drums. 

This  method  is  common  to  both 
units  and  since  the  frequency  toler¬ 
ance  is  held  very  close  it  is  not  neces¬ 
sary  to  synchronize  the  transmitting 
and  receiving  equipment  except  at 
the  start  of  transmission  when  push¬ 
button  phasing  or  framing  insures 


Brush  Six-Channel  Magnetic 
Oscillograph.  Excellent  lor 
strain -gauge  recordings.  Dust- 
proof  case.  Interchangeable 
gear  paper  drive.  Your  choice 
of  paper  speeds  from  W  to 
5”  per  second.  Chart  paper 
12"  wide. 


3405  PERKINS  AVENUE  •  CLEVELAND  14,  OHIO 

Canadian  Raprasantativas:  A.  C.  Wickman,  (Canada)  ltd.,  P.  O.  Box  9,  Station  N,  Toronto  14 
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ASSEMBLY  ADVANTAGES 


Prevent  vibration  loosening 


Protect  fragile  materials 
against  damage  ^ 


.-I  ■ 


Eliminate  lock  washers 


Eliminate  handling  of 
material 


Applied  faster 


Perform  multiple  functions 


Will  not  ’‘clog"  or  “freeze* 


Reduce  assembly  costs 


Weigh  less 


Stove  manufacturers  face  difficult  assembly  prob* 
lems.The  severe  vibration  and  shock  that  stoves  are 
subject  to  during  transportation  to  the  ultimate  con¬ 
sumer  must  be  met.  Allowance  must  also  be  made 
for  expansion  and  contraction  of  porcelain  enamel 
parts  when  the  stove  is  heated  up  to  500  degrees. 

The  Cleveland  Cooperative  Stove  Company  select¬ 


ed  Speed  Nuts  to  solve  their  fastening  problems, 
for  Speed  Nuts  provide  a  spring  tension  lock  that 
holds  tight  under  severe  vibration  and  yet  is  suf¬ 
ficiently  resilient  to  prevent  damage  to  porcelain 
enamel  surfaces.  In  addition.  Speed  Nuts  eliminate 
lock  washers,  reduce  assembly  time  and  weigh  less. 

Speed  Nuts  will  pay  you  big  dividends,  too.  In 
writing  for  samples,  please  give  complete  assem¬ 
bly  details,  as  Speed  Nuts  are  made  in  more 
than  3000  shapes  and  sizes. 


TINNERMAN  PRODUCTS,  INC.  •  2106  FULTON  ROAD,  CLEVELAND  13,  OHIO 


In  Canada;  Wolloca  Barnat  Co.,  Ltd.,  Hamilton,  Ontario 
In  En9land:  Simmonds  Aerocatsoriat,  ltd.,  London 


In  Franca:  Aarocassoiras  Simmonds,  S.  A.,  Paris 
In  Awstralia:  Simmonds  Aarocassorias,  Pty.  Ltd.,  Malbourna 


*  Trod«  Marti  Rag.  U.  S.  Pot.  Off. 
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TRAIN  FACSIMILE 


(continued) 


centering  the  recorded  copy  on  the 
record  sheet. 

The  recorder  contains  a  revolving 
insulated  drum  which  is  driven  in 
similar  manner  to  the  scanner  drums. 
A  fine,  stainless  steel  wire  stretched 
over  a  spiral  helix  on  the  drum  com¬ 
prises  the  positive  signal  electrode. 
The  negative  electrode  consists  of  a 


mini 


i 

printer  blade  positioned  in  an  axis 
parallel  to  the  drum  axis  and  across 
the  unit  immediately  above  the  scan¬ 
ning  helix. 

An  automatic  puller  draws  a  con¬ 
tinuous  eight-inch-wide  strip  of  pre¬ 
moistened  chemically  treated  paper 
from  the  humidor  at  the  front  of  the 
recorder.  This  paper  passes  between 
the  two  electrodes  (under  the  printer 
blade  and  over  the  drum  and  helix) 
and  emerges  at  the  top  of  the  unit. 

Facsimile  audio  signals  arriving 
at  the  input  to  the  recorder  pass 
through  the  circuits  of  the  unit  and 
appear  as  direct-current  signal 
pulses  on  the  helix  wire.  Since  the 
drum  is  revolving,  the  helix  scans 
the  recorded  sheet  passing  under  the 
printed  blade.  When  these  d-c  pulses 
appear  on  the  helix,  they  pass 
through  the  moistened  paper  to  the 
printer  blade,  and  in  passing  through 
the  recorded  page,  the  chemical  in 
the  paper  is  darkened  by  the  current 


BETTER  CONTROLS  THROUGH  BETTER  RELAYS 


Long  ago  designers  who  insisted 
on  dependable  components  adapted 
Leach  Relays  into  their  circuits. 
Today — more  and  more  engineers 
are  specifying  Leach  Relays,  and 
are  submitting  their  Relay  prob¬ 
lems  to  us. 

As  a  result,  daily  output  is  ahead 
of  previous  peace-time  schedules. 
Our  greatly  expanded  plant  facili¬ 
ties,  plus  the  recognized  depend- 


^Qi^VER  28  YEARS 

''ability  of  Leach  products,  make  it 
possible  for  us  to  offer  the  most 
complete  line  of  control  Relays 
ever  produced  at  Leach. 

A  large  variety  of  Relay  types  are 
listed  in  our  new  40-page  catalog 
— just  published.  Contact  load  rat¬ 
ings  range  from  fractional  to  30 
Amperes.  Write  for  your  copy 
today.  Leach  assures 


Engineers  watch  the  facsimile  reproduc¬ 
tion  of  Margaret  Truman's  handwriting  as 
it  is  traced  out  on  the  recorder  paper 


- 
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ELEC! 


When  Your  Product  Calls  for  MINIATURE  METERS  . . . 
Here  are  5  REASONS  WHY  you  should  specify  IVIB 


Because  They  Are: 

SMALLEST  IN  SIZE 


The  MB  moving  coil  element  is  only  one  inch  in  diameter.  Housed 
in  anodized  aluminum  1-inch  cases,  you  get  the  smallest  instru¬ 
ments  made  today.  And  in  only  a  iVi-inch  case,  there’s  room  to 
self-contain  rectifier,  shunt  or  multiplier. 


MODEL  152 


Built  to  conform  to  AWS  specifications,  accuracy  of  +  2%  of  full 
scale  deflection  at  any  point  is  standard  with  all  MB  instruments. 


Powerful  Alnico  No.  5  magnet  with  soft  iron  pole  pieces  provides 
dense,  uniform  air-gap  flux... and  the  resultant  torque  from  even 
microampere  currents  provides  MB  instruments  with  sensitive,  fast 
response.  What’s  more,  damping  characteristics  are  excellent,  for 
easy  reading. 


MODEL  101 


MB  instruments  are  built  to  last.  Not  only  will  the  lighter  move¬ 
ment  withstand  shock  and  vibration  better . . .  but,  steel-pivoted 
in  sapphire  bearings,  it  also  resists  wear  indefinitely.  Sturdy  anodized 
cases  are  sealed  against  dust  and  moisture. 


MODEL  102 


1-inch  instruments  produced  in  DC  ranges  from  0-100  microamperes 
to  0-10  milliamperes.  1  Vi-inch  instruments  available  completely 
self-contained  in  all  standard  ranges,  including  rectifier  AC  types. 


MODEL  151 


Let  us  send  you  additional  information.  Write 
for  the  new  MB  catalog  with  full  details  and 
prices  on  the  complete  line  of  MB  miniature 
instruments. 
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TRAIN  FACSIMILE 


to  correspond  with  the  minute  orig¬ 
inal  picture  elements. 

A  manual  switching  control  per¬ 
mits  inversion  of  the  recording  proc¬ 
ess  so  that  a  white  image  will  appear 
on  a  black  background.  When  the 
facsimile  copy  is  completely  recorded, 
the  paper  may  be  withdrawn  from 
the  rear  of  the  page  recorder  and 
torn  oflF. 


Radio  Equipment 


The  facsimile  equipment  can  be  op 
erated  from  either  amplitude-modu¬ 
lated  or  frequency-shift  signals  in 
which  the  amplitude  of  the  trans¬ 
mitted  carrier  is  held  essentially 
constant  while  the  frequency  is 
shifted  above  or  below  that  of  the 
assigned  carrier. 

The  frequency  shift  method  of  im¬ 
pressing  intelligence  on  an  r-f  car¬ 
rier  minimizes  selective  fading,  in¬ 
terference,  and  static  disturbances. 
This  method  is  preferred  by  Press 
Wireless  for  radio  service  and,  in 
many  cases,  may  be  more  desirable 
for  land-line  use.  Amplitude  modu¬ 
lation  is  recommended  only  for  land¬ 
line  service  or  local  point-to-point 
contact. 


SELENIUM  RECTIFIERS 


For  AC-to*DC  conversion  where  minimum  maintenance  costs  and 
maximum  efficiency  are  required,  circuit  designers  write 
SELETRON  into  their  specifications  .  .  .  right  at  the  start! 

These  precisely  engineered  selenium  rectifiers  are  available  in 
a  wide  range  of  sizes  and  output  needs.  SELETRON  can  be  made 
LARGE  (thousands  of  amperes),  or  small  (milliamperes)  .  .  . 
tailored-to-fit  the  special  circuit  you  are  now  designing. 

Let  a  SELETRON  engineer  consider  your  problem.  His  service  and 
counsel  are,  of  course,  free. 

HtR^S  WHY  "IT'S  SELSTRONr’ 

1.  Minimum  weight  and  size  for  a  given  output. 

2.  Maximum  heot-dissipotion  value. 

3.  No  fragile  or  wearing  parts  .  .  .  trouble-free  service  life. 

4.  Uniformly  high  efficiency  over  a  wide  range  of  loads. 


The  radio  equipment  used  in  the 
demonstration  was  composed  of 
standard  units  of  Bendix  railroad 
radio  system  and  operated  on  an  ex¬ 
perimental  frequency  of  156.525  me. 
The  facsimile  signals  from  the  Cap¬ 
itol  were  amplified  and  fed  by  land 
line  to  three  transmitters  located 
along  the  route  from  Washington  to 
Baltimore.  Each  of  these  is  equipped 
with  a  broadband  biconical  antenna. 
Aboard  the  train,  a  ground-plane  an¬ 
tenna,  nicknamed  the  “cartwheel”, 
was  used. 

The  communications  equipment 
accomplishes  phase  shift  of  the  car¬ 
rier  by  injecting  signals  from  the 
audio  system  onto  the  grids  of  a  pair 
of  mixer  tubes  connected  90  degrees 
out  of  pha.se.  Output  from  the  paral¬ 
lelled  plates  of  the.se  tubes  is  fed  into 
the  grid  of  a  quadrupler  stage.  The 
carrier  frequency  is  shifted  in  pro¬ 
portion  to  the  applied  audio  voltage 
and  the  equivalent  frequency  devia¬ 
tion  is  proportional  to  the  audio  fre¬ 
quency  and  phase  shift. 

The  cartwheel  antenna  is  an  arti- 
fically  shortened  quarterwave  radi- 
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AMERICAN  FLEXIBLE  WAVE  GLIDES 
are  made  in  various  types,  mating 
electrically  and  mechanically  with 
common  sizes  of  rigid  guide,  for  oper- 
ation  at  wave  lengths  from  20  to  less 
than  3  Cm, 

These  high  precision  units  are  suit' 
able  for  use  where  relative  motit^n  is 
involved,  such  as  with  shock- mountetl 
or  vibrating  units,  to  provide  for  mis¬ 
alignment,  for  the  fabrication  of  com¬ 
plicated  twists  and  bends,  as  flexible 
couplings  to  fragile  components,  and 
for  other  applications. 

The  various  types  of  American  Flex¬ 
ible  Wave  Guides  differ  principally  in 
mechanical  properties.  We  will  gladly 
aid  in  selecting  the  most  appropriate 
type,  based  on  specific  requirements  of 
(he  installation. 

Write  for  our  "Electronics  Data 


Seamless  Flexible  Wave  Guide  made  ham  thin-wall  rectangular  metallic  tube.  Can  be  extended, 
compressed,  or  bent  in  two  planes  to  small  radii.  Withstands  large  number  of  flexures  of  moderate 
amplitude. 


Vertebra  type ...  a  series  of  choke-plate  wafers  in¬ 
serted  in  synthetic  rubber  jacket.  Flexes  easily,  with¬ 
stands  large  number  of  repeated  deformations,  such 
as  bend,  shear,  twist,  stretch  or  compression. 


"Moldlock"  type  made  of  spirally  wound,  formed 
metallic  strip  with  interlocked  edges.  Ordinarily  fur¬ 
nished  with  rugged,  pressure-tight  synthetic  jacket. 
Can  be  bent  in  any  plane  and  twisted  appreciably. 


METAL  HOSE 


THE  AMERICAN  BRASS  COMPANY 

American  Metal  Hose  Branch 

General  Offices:  Waterbury  88,  Connecticut 
Subsidiary  oj  Anaconda  Copper  Mining  Company 
/»  Canada:  ANACONDA  AMERICAN  BRASS  LtD., 

Vfw  Toronto,  Out. 
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AIR  EXPRESS  is  like 


a  warehouse  on  wings! 

Whatever  you  need  to  keep  your  business  rolling  — 
you’ve  got  it  in  just  a  matter  of  hours  when  you 
get  it  by  Air  Express. 

Yes,  delivery  speed  by  air  is  so  fast,  it’s  the 

next  best  thing  to  having  your  suppUer’s  warehouse 

right  next  door. 

Rates  are  drastically  down  from  prewar  days  — 
a  new  economy  that  makes  this  service  a  greater 
money-maker  than  ever  for  thousands  of  firms 
throughout  the  nation. 


5peci^  Air  Bcpress-a  Good  Business  Bu^ 

Shipments  go  everywhere  at  the  speed  of  flight 
between  principal  U.  S.  towns  and  cities,  with  cost 
including  special  pick-up  and  delivery.  Same-day 
delivery  between  many^  airport  towns  and  cities. 

Fastest  air-rail  service  to  and  from  23,000  off- 
airline  communities  in  the  United  States.  Service 
direct  by  air  to  and  from  scores  of  foreign  countries 
in  the  world’s  best  planes,  giving  the  world’s  best 
service. 
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Writ*  Today  for  the  Time  and  Rate  Schedule 
on  Air  Express.  It  contains  illuminating  facta 
to  help  you  solve  many  a  shipping  problem. 

Air  Express  Division,  Railway  Express  Agency, 

230  Park  Avenue,  New  York  17,  N.Y.  Or  ask 
for  it  at  any  Airline  or  Railway  Express  office. 

Phon*  AIR  EXPRESS  DIVISION,  RAILWAY  EXPRESS  AGENCY 
R*pr*Mnting  th*  AIRLINES  of  th*  United  States 
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TRAIN  FACSIMILE 


(continued) 


ator  worked  against  a  quarterwave 
radius  ground  plane  and  is  designed 
for  mobile  equipment  where  over¬ 
head  clearance  is  small. 

•  •  • 

Mechanical  Modulation 
of  Electron  Flow 

A  METAL  electron  tube  weighing  only 
1/15  of  an  ounce,  which  converts 
mechanical  motion  directly  into  vari¬ 
able  electron  flow,  will  find  wide  ap¬ 
plication  in  future  designs  of  phono¬ 
graph  pickups.  It  can  also  be  used 
in  microphones,  and  in  industrial 
equipment  where  translation  of 
mechanical  motion  to  electron  cir¬ 
cuits  is  desirable  for  purposes  of  con¬ 
trol  or  measurement.  The  new  elec¬ 
tron  tube  is  not  yet  in  production, 
but  a  limited  number  are  available 
to  manufacturers  of  electronic  equip¬ 
ment  who  are  interested  in  experi¬ 
menting  with  it  for  use  in  future 
products. 

Called  the  Vibrotron,  the  tube  is 


Construction  of  the  new  Vibrotron  tube. 
Motion  of  the  movable  anode  E  in  direction 
M-M  is  transferred  through  the  thin  metal 
diaphragm  D  to  produce  a  proportional 
change  in  electron  flow  of  the  triode 
formed  by  K,  G,  and  £.  The  envelope  S  is 
metal  and  leads  such  cu  L  ore  brought  out 
through  a  vacuum-tight  glass  header  H 
with  exhaust  tip  T 
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ANY  RESISTANCE-ROTATION 
CURVE  IS  AVAILABLE 


The  resistor  of  the  Type  J  Brodleyometer  is  a 
solid  molded  ring.  During  manufacture  the  re¬ 
sistor  material  is  varied  throughout  the  circumfer¬ 
ence  of  the  molded  ring  to  provide  any  desired 
resistance-rotation  curve.  (See  chart  below.) 

The  resistor  unit  is  molded  os  a  one-piece  ring 
with  terminals,  face  plate,  and  threaded  bushing 
imbedded  in  the  ring.  The  contact  between  brush 
and  resistor  unit  improves  with  age. 


These  A-B  Adjustable  Resistors 
are  solid-molded  for  permanence 


The  resistor  is  a  thick  ring  of  solid-molded  material,  heat- 
treated  under  pressure  to  produce  a  unit  that  is  unaffected 
by  heat,  cold,  moisture,  or  length  of  service. 

Since  it  is  not  a  film  or  paint-type  resistor,  its  resistance- 
rotation  characteristic  remains  permanent.  Moreover,  the 
Type  J  Brodleyometer  is  the  only  continuously  adjustable 
composition  resistor  having  a  2 -watt  rating  with  a  good 
safety  factor.  Bradleyometers  are  available  in  single-,  dual-, 
and  triple-unit  type,  with  or  without  line  switch.  Complete 
specifications  on  application. 

Allen- Bradley  Company,  110  W.  Greenfield  Ave. 

Milwaukee  4,  Wis. 


ALLEM-BRADLEY 

FIXED  &  AD^STABLE  RAM6  RESISTORS 


0  SO  I00ISOI002S0S00SSO 
DE6REES  CLOCKWISE  SHAFT  ROTATION 
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I  MECHANICAL  MODULATION  (continued) 


;i  metal  triode  about  one  inch  luntr 
and  about  \  inch  diameter.  Leads 
are  In-oujrht  out  through  a  glass  seal 
at  one  end.  The  other  end  consists 
of  a  flexible  metal  diaphragm  that 
transfers  external  motion  to  a  mov¬ 
able  anode  within  the  tube.  Details 
of  the  construction  are  shown  in  the 
drawing. 

Difficulties  were  experienced  with 
the  selection  of  a  suitable  diaphragm 
for  transmitting  the  external  me¬ 
chanical  motion  to  the  inner  elec¬ 
trode  without  introducing  distortion 
of  the  motion.  This  problem  was 
solved  by  using  a  thin  metal  dia¬ 
phragm,  about  half  the  thickness  of 
a  human  hair,  as  a  flexible  window 
in  the  tube  envelope.  Through  this 
vacuum-tight  metal  diaphragm,  the 
rod  used  as  a  lever  is  free  to  vibrate 


tion 


any  specification. 


WEAl^KESiSTAMT 


PERMO 


6427  KAVENSWOOO  AVE.,  CHICACO  26 


MANUFACTUtINC  METAUURCISTS 


Close-up  of  the  Vibrotron  tube  lor  convert 
ing  mechanical  motion  to  a  Toriable  elec¬ 
tron  flow.  The  movable  anode  appears 
at  the  top 


without  distortion  over  a  wide  range 
of  audio  frequencies. 

Life  tests  have  shown  the  tulx- 
withstands  severe  treatment  over 
long  periods  of  time,  and  is  stable 
under  temperature  and  humidity 
:  changes.  It  operates  as  an  integral 
part  of  the  pickup  head  and  the 
radio  phonograph  amplifier,  without 
the  need  of  a  preamplifier  or  coup- 
i  ling  transformer. 

Preliminary  work  on  the  Vibro¬ 
tron  was  done  by  Dr.  Harry  F.  Olsen 


Peerless  maintains  many 
specifications  on  file  — many 
already  set  up  .  .  .  thus  you 
development  ctist  can  ofte 
through  modification  of  P 
tooling.  Qill  or  write 


ELECTRICAL  PRO 


6920  McKinley  Avenue  • 
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GENERAL  PLATE 

Laminated  Tubing 


A  thin  layer  of  precious  metal,  permanently  bonded  to  inex¬ 
pensive  base  metal  .  .  .  then  cupped  and  drawn  into  tubes  .  .  . 
that  is  General  Plate  Laminated  Tubing,  which  gives  you 
precious  metal  performance  at  the  lowest  possible  cost. 

Versatile  General  Plate  Laminated  Tubing  gives  you  corrosion 
resistaQCe  from  chemicals,  alkalies,  acids  and  fumes  ...  it  in¬ 
creases  performance  in  electrical  and  physical  instruments  and 
other  apparatus. 

General  Plate  Laminated  Tubing  is  available  in  a  wide  range  of 
shapes  and  sizes,  in  practically  any  laminated  metal  combina¬ 
tion.  Write  for  information  todav- 


LAMINATED .  . .  SiUcr.  gold  or  platinum  on  copper, 
bronze  or  brass,  silver-cos ered — or  lined — or  both — for  elec¬ 
trical  contacts,  chemical  industries,  high  frequeno  conduc¬ 
tion,  radio  and  signal  apparatus,  and  other  applications  re¬ 
quiring  non-corrosive  surfaces. 

LAMINATED  BASE  METAL  CC.MBINATIONS— nickel  or 
monel  on  several  base  metals,  etc. — This  type  of  tubing  is 
used  in  high  pressure  applications  and  special  devices. 
SILVER  ON  ALUMINUM  tubing  is  used  in  high  frequency 
and  other  electrical  applications  and  aircraft  and  signal 
control  apparatus. 

PRECIOUS  METALS  . .  .  gold,  silver,  platinum  and  their 
alloys.  This  tubing  finds  wide  application  in  the  chemical 
industries,  electrical  and  physical  instruments,  electrical 
contacts  and  high  frequency  conductors. 

PURE  NICKEL  TUBING— for  cathode  tubes,  electronic  and 
precision  instruments. 

MONEL  AND  INCONEL— seamless  or  seamed— for  the 
chemical  and  process  industries. 

ODD  SHAPES — General  Plate  offers  a  wide  range  of  odd¬ 
shaped  tubing  for  use  in  many  applications  requiring  special 
construction  and  performance. 


of  Metals  and  Controls  Corporation 

50  Church  St.,  New  York,  N.  Y.|  205  W.  Wocker  Drive,  Chicago,  Ml.;  2635  Page  Drive. 
AHodeno,  Colifomioj  Grant  Bldg.,  Pittsburgh,  Pa. 
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(cMtinucd) 


at  the  RCA  Laboratories  at  Prince¬ 
ton  and  was  later  transferred  to  the 
RCA  tube  laboratories  at  Harrison 
where  the  development  progressed 
under  George  Rose. 

A  tube  apparently  similar  to  the 
one  described  has  been  announced 
by  Bendix  Radio  Division  of  Bendix 
Aviation  Corp.  but  no  technical  de¬ 
tails  have  been  released. 


Improved  Modulated- 
Oscillator  Pickup 

By  Henry  Kalmus 

Engineering  Department 
Zenith  Radio  Corp. 

Chicago,  lU. 

Exact  analysis  of  the  original  cir¬ 
cuit  of  the  Cobra  pickup  described  in 
Electronics,  Jan.  1946,  showed  that 


Fig.  1 — Circuit  arrangement  oi  the  modu- 
lated-osdilator  pickup 


if  a  circuit  modification  is  made  the 
audio  output  increases  by  15-20  db, 
the  hiss  is  reduced  by  the  same  ratio, 
and  microphonics  are  reduced  by  6 
db.  In  addition,  any  volume  change 
due  to  gap-width  variation  is  can¬ 
celled  out  entirely  in  the  electrical 
system  and  a  longer  pickup  lead  can 
be  used. 

In  the  old  circuit,  grid  detection 
was  used,  counteracted  in  part  by 
plate-bend  detection.  In  the  new  cir¬ 
cuit,  only  plate-bend  rectification 
takes  place. 

Figure  1  shows  the  circuit;  the 
difference  between  the  old  and  the 
new  one  consists  in  different  time 
constants  for  R  and  C.  The  new  time 
constant  changes  operating  condi¬ 
tions  entirely.  In  the  new  circuit, 
the  time  constant  of  R  and  C  is  large, 
say,  R  of  five  megohms  and  C  of  0.05 
microfarad. 

If  the  time  constant  of  R  and  C 
is  too  small,  grid  rectification  may 
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GIVE  PRE-DETERMINED  TENSIONI 


NINE  TRUARC  RINGS  ELIMINATE 
EXPENSIVE  MACHINING  ON 

ACCMATOOl  "TRUPAN"  TRIPOD 


Use  of  9  TRUARC  retaining  rings  in  manufac¬ 
ture  of  the  TRUPAN  Tripod  has  resulted  in  a 
light,  compact  design — with  reduced  production 
costs.  Truarc  rings  eliminate  expensive  machining 
required  for  nuts,  threads,  screws  and  shoulders. 


A  Truarc  Bowed  ring  and  a  standard  Truarc  ring 
position  the  vital  center  pivot  pin.  The  bowed 
ring  exerts  a  downward  pressure  of  50  lbs. — gives 
two-way  spring  action — takes  up  end-play  resili- 
ently.  "Shimmy"  from  cumulative  tolerances  in 
manufacture,  or  from  constant  wear  is  eliminated. 


Each  leg  is  positioned  on  its  hinge  by  a  spring 
washer  and  a  standard  Truarc  ring  mounted  at 
either  end  of  a  small  steel  hinge  pin.  This  con¬ 
struction  assures  constant  tension.The  Tripod  sets 
up  accurately  without  adjustments,  indefinitely. 


Trupan  Tripod  Manufactured  by  Accmatool  Co.,  Inc.,  N.  Y.  25 


Eiteriai  lypt 
NitMRal  Aircraft 
I  StandarA  51 


Waldes  Truarc  precision  retaining  rings  eliminate  costly 
machining  by  replacing  nuts,  shoulders,  collars  and  cotter 
pins.  They  allow  lighter,  more  compact  units — make  assem¬ 
bly  and  disassembly  quicker,  easier.  Truarc  rings  give  better, 
more  dependable  retention  because  their  mathematically  pre¬ 
cise  construction  insures  lasting,  perfect  circularity — insures 
k  never  failing  grip.  There’s  a  Truarc  ring  for  every  mechan¬ 
ical  product. 


Mail  this  coupon 
today  for  technical 
data  sheets  describ¬ 
ing  the  Bowed  and 
other  newly  de¬ 
veloped  Truarc 
Retaining  Rings. 


iRttmal  Typt 
NatiMal  Aircraft 
StaaAarA  50 


WALDES 

TRUARC  '•m* 

Tlt«OC-M*IIK 

RETAINING  RINGS 

WALDES  KOHINOOR  INC.,  LONG  ISLAND  CITY  1,  NEW  YORK 


Waldes  Kohinoor,lnc.,  Dept.  18D,  Long  Island  Cityl,  N.Y.  Please 
sendme  technical  data  sheets  on  the  newlydevelopedTroarc Rings. 


Name  Sc  Title- 


Company. 


Addrei 
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When  Electrical  Contacts 
MUST  NOT  FAIL  -  -  - 


The  Choice  of  Experience  Is 
KESTER  *coVr  SOLDER 


Two  generations  of  holding  fight  in  the  thousands  of  jobs  industry  has  called  on 
them  to  do  .  .  .  they've  helped  fight  two  world  wars  .  .  .  prove  Kester  Cored 
Solders  are  ready  for  the  big  production  job  ahead.  ' 

i 

Kester  Rosin-Core  So/der— the  result  of  47  years'  specialized  experience — is  vir-  ! 
tually  mistake-proof  in  application.  The  flux,  right  in  the  core,  is  scientifically  ' 
balanced  with  superior  alloys  to  assure  a  quick,  simple,  smooth  job  in  one  appli¬ 
cation.  The  solder  bond  is  clean,  tight  and  highly  resistent  to  deterioration  due 
to  bending  or  contraction  and  expansion  from  temperature  extremes.  The 
rosin-flux  will  not  harm  insulation  nor  cause  corrosion.  | 

Equally  outstanding  for  general  work  is  Kester  Acid-Core  Solder.  Both  are  avail¬ 
able  in  a  wide  range  of  strand  and  core  sizes,  flux  and  alloy  combinations.  Kester  ; 
engineers  will  gladly  cooperate  with  you  in  the  selection  of  a  Kester  Cored  | 
Solder  custom  made  to  solve  any  special  soldering  problem  you  may  have.  Write 
fully.  No  obligation,  of  course. 


KESTER  SOLDER  COMPANY 


4204  Wrigbtwoed  Ave., 
Eastarn  Plant:  Nawark,  N.  J. 


Chicago  3f,  III. 
Canadian  Plant:  Brantford,  Ont. 
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IMPROVED  CIRCUIT 


(continuad) 


occur  near  100  cycles  and  counteract 
plate-bend  detection.  In  calculating 
the  time  constant,  it  must  be  con¬ 
sidered  that  the  generator  imped¬ 
ance  for  the  audio  voltage  at  the  grid 
is  much  smaller  than  R  because  the 
grid  current-grid  voltage  character¬ 
istic  has  the  curvature  of  an  e-func¬ 
tion  and  not  a  sharp  cutoff.  The 
generator  impedance  is  actually  250,- 
000  ohms  if  the  r-f  amplitude  is  two 
volts  and  R  is  five  megohms.  The 
crossover  frequency  for  these  values 
is  32  cycles,  and  the  audio  range  is 
therefore  not  affected.  The  eccen¬ 
tricity  frequency  of  1.3  cycles  (cor¬ 
responding  to  78  revolutions  per 
minute)  produces  voltage  fluctua¬ 
tions  on  the  grid,  counteracting  the 
plate-bend  detection. 

The  electrical  nonlinearity  de¬ 
pends  on  the  r-f  amplitude  on  the 
grid.  If  it  is  smaller  than  1.8  volts, 
the  audio-output  increases  for  a 
smaller  gap  (as  in  the  old  circuit) ; 
if  larger  than  1.8  volts,  it  decreases. 
For  1.8  volts  we  obtain  no  volume 
changes  at  all  and  the  pickup  be¬ 
haves  like  a  well-balanced  dynamical 
system. 

Advantages 

The  stability  of  the  oscillator  for 
line  voltage  changes  or  aging  tube.'i 
is  not  affected  by  the  large  time  con¬ 
stant.  If  the  oscillator  voltage  i«  to»> 
high  or  if  unsuitable  tubes  are  used, 
superregeneration  may  occur.  The 
7F7  triodes  are  free  from  superre¬ 
generation  if  the  plate  is  not  by¬ 
passed  for  audio  frequencies  and  if 
the  grid  amplitude  is  smaller  than 
2.6  volts. 

Twenty  7F7  tubes  were  tested  in 
order  to  find  out  whether  the  new 
circuit  is  safe  for  mass  production. 
The  tubes  w^ere  still  oscillating  at  a 
line  voltage  of  85  volts  and  minimum 
gap  between  coil  and  vane.  They  did 
not  show  superregeneration  at  a  line 
voltage  of  135  volts  and  maximum 
gap. 

The  higher  audio  output  of  the 
new  circuit  is  not  only  due  to  the 
higher  modulation  percentage  but 
also  because  plate  bend  detection 
alone  is  used.  The  hiss  in  the  new 
circuit  is  inaudible  even  if  the  vol¬ 
ume  control  is  set  above  overload 
level. 

There  are  Two  kinds  of  micro- 
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ing.  As  a  built-in  component  they 
eliminate  other,  more  expensive  ele¬ 
ments,  and  reduce  the  cost  of  equip¬ 
ment  maintenance. 

If  standard  designs  do  not  meet 
your  requirements,  special  units  can 
be  built  to  your  exact  design  speci¬ 
fications. 


Regardless  of  size  or  capacity,  a  has  been  provided  in  the  label  rating. 

Sola  Constant  Voltage  Transformer 

does  just  one  thing.  It  takes  line  Without  manual  supervision  (no 
voltages  coming  in  like  this  dials  to  turn  or  adjustments  to 

and  feeds  them  to  your  equipment  make),  a  Sola  Constant  Voltage 
like  this  -imniiMifiT  Transformer  instantly  corrects  sup¬ 

ply  line  variations  as  high  as  30  %  to 
If  there  is  any  doubt  as  to  the  need  within  =^1%  of  the  label  rating, 

for  voltage  regulation,  hook  a  re-  Sola  Constant  Voltage  Transform- 

cording  volt  meter  to  your  supply  ers  have  no  moving  parts,  no  tubes 

line.  The  tracings  may  provide  the  or  networks — nothing  to  get  out  of 

answer  to  much  unsatisfactory  order.  They  protect  both  themselves 

equipment  performance.  and  your  equipment  against  short 

circuit. 

Voltage  from  a  supply  line  may 

vary  as  much  as  30  %  from  its  rated  Standard  designs  are  available  for 
value.  Against  these  sudden  lags  any  electronic  or  electrically  oper¬ 
and  surges  no  electrical  or  electronic  ated  equipment  requiring  capacities 

equipment  can  perform  at  peak  effi-  from  lOVA  to  15KVA — many  de- 

ciency,  no  matter  how  much  leeway  signed  specifically  for  chassis  mount- 


Writ9  for  Now  Haodbook 
Here's  the  answer  to  a  problem 
that  confronts  every  manufac¬ 
turer  or  user  of  electrically  oper¬ 
ated  or  electronic  equipment. 

Ask  for  BuUotm  DCV>102 


TrantfornMrt  fort  Constant  Voltage  •  Cold  Cathode  Lighting  •  Mercury  lamps  •  Series  Lighting  •  Ruorescent  Lighting  •  X-Ray  Equipment  •  Luminous  Tube  Signs 
Oil  Burner  Ignition  •  Radio  •  Power  •  Controls  •  Signol  Systems  •  etc.  SOLA  ELECTRIC  COMPANY,  2525  aybourn  Avonuo,  Chicago  14,  Illinois 

fry  FEKKaN  1 1  Kl.KCl'KlC'  l.l.Ml  I'EI).  Toronto 
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IMPROVED  CIRCUIT  (continutd) 

phonics :  Production  of  audio  voltage 
in  the  first  triode  and  modulation  of 
the  oscillator.  The  first  kind  is  re¬ 
duced  by  15  to  20  db.  The  second 
kind,  which  amounts  unfortunately 
to  80  percent  of  the  total  micro¬ 
phonics,  is  not  changed  because  the 
improved  detection  efficiency  affects 
desired  and  undesired  modulation  to 
the  same  degree.  The  total  improve¬ 
ment  of  microphonics  is  about  6  db. 
A  real  remedy  would  be  to  use  tubes 
with  a  stiffer  grid  structure.  The 
type  7F8  double  triode  looks  promis¬ 
ing. 

If  the  new  circuit  is  used  with  the 
pickup  coil  between  grid  and  ground. 


PAKTIAl_VliW  of  cartridge,  showing  knee-ac¬ 
tion  Nylon  needle  and  metal  needle  guard.  The 
cushioning  action  of  Nylon  affords  additional 
protection  for  the  sapphire  stylus. 


INTimOR  VIEW  showing  crystal  element,  Nylon 


chuck  and  sapphire-tipped  Nylon  needle. 


PHANTOM  VltW  showing  how  tapered  shank  of 


Nylon  needle  fits  into  tapered  hole  in  Nylon 
chuck. 


As(a(K  Crvsfui  Ifviin's 
manufui.tuTi'd  unifer  Hrusb 
Drirlopmt'tit  Co. 


Corporation 


CONNEAUT,  OHIO 

IN  CANADA  CANADIAN  ASTATIC  LTD,  TOliONTO,  ONTARIO 


Fig.  2 — This  sixnpliiied  circuit  proTides  leti 
hum  sensitivity  than  that  shown  in  Fig.  1 


it  is  more  hum-sensitive  than  the  old 
one.  The  new  R-C  combination  does 
not  prevent  low-frequency  hum  from 
controlling  the  first  system  and  all 
voltages  induced  magnetically  or  by 
common  ground  in  the  pickup  circuit 
become  audible. 

Connecting  the  pickup  coil  be¬ 
tween  plate  and  ground  as  shown  in 
Fig.  2  is  an  improvement.  The  values 
shown  form  an  effective  low-cut  filter 
and  the  pickup  coil  and  lead  are  not 
hum  sensitive. 

The  stationary  coil  must  be  well 
shielded  from  the  motor  field  because 
any  hum  voltage  induced  in  this  coil 
can  now  control  the  first  system.  It 
was  found  that  a  drawn  steel  can 
prevents  hum  induction  even  if  the 
amplifier  unit  is  mounted  one  inch 
from  the  motor. 

The  increase  in  audio  output  of 
the  new  circuit  makes  it  now  possible 
to  use  a  3-foot  pickup  lead.  The  pre¬ 
amplifier  can  then  be  mounted  far 
away  from  the  motor  field  so  that 
hum  induction  can  be  entirely 
avoided. 


ckup  Cartridge 
with  NYLON  Chuck  and  REPLACEABLE, 
Long-Life,  Sapphire-Tipped  NYLON  Needle 

#  Constantly  alert  to  the  possibilities  for  improvement 
in  the  design  and  performance  of  phonograph  pickup  cartridges.  Astatic 
research  has  unearthed  a  material,  other  than  metal,  for  the  better 
transmission  of  signals  from  the  record  grooves  to  the  crystal  element. 
That  material  is  NYLON!  No  other  known  substance  possesses  all  the 
properties  which  make  Nylon  ideal  for  this  purpose.  Astatic,  therefore, 
has  employed  this  revolutionary  material  in  the  manufacture  of  a  new 
crystal  pickup  cartridge  known  as  Astatic  Nylon  l-J  .  .  .  a  low  pressure, 
wide-range,  general  purpose  cartridge  Incorporating  a  Nylon  chuck  and 
Nylon,  sapphire-tipped  needle. 

CONTROL  OF  QUALITY  OF  REPRODUCTION 

In  using  this  Nylon  l-J  Crystal  Pickup  Cartridge,  the  phonograph  manu¬ 
facturer,  as  well  as  the  user,  is  assured  that  the  quality  of  reproduction  will 
REMAIN  CONSTANT  regardless  of  needle  replacements,  because  the 
cartridge  is  matched  to  the  needle,  and  the  Nylon  needle  designed 
for  this  particular  Cartridge  is  the  ONLY  one  that  can  be  used  with  it. 
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w  m!  The  Hallowell  line  of  Speed  Tool  Kits  manu 
p  Kj  facfured  by  Standard  Pressed  Steel  Company 
Mj  of  Jenkintown,  Pa.,  includes  the  Auto  Kit, 
Wj  the  Socket  Wrench  Kit,  the  Socket  Screw 
V  Kit,  Home  Kit  and  others.  They  are  obtain- 
]  able  at  suppliers  throughout  the  country.  i 
Lumarith  handles  are  molded  by  Arnold  § 
Brilhart,  Ltd.,  Great  Neck,  Long  Island.  “ 


THE  TOOL  YOU  WANT 

and  a  Plastics  Story 


you  should  know 


•Rfx-  U.  S.  Put.  Off. 

LUMARITH 


Slip  the  proper  bit  into  the  swivel  chuck  and  you  are  ready 
for  the  job  at  hand!  These  Hallowell  kits  are  time  and  space 
savers  for  industrial  workers,  repairmen  and  home  mechanics. 


To  match  the  ruggedness  of  the  metal  section,  the  plastic 
handles  are  injection  molded  of  LUMARITH  ethyl  cellulose. 
This  battle-tested  Celanese  synthetic  is  outstandingly  tough 
even  at  temperature  extremes .. .is  color  clear  through 
is  comfortable  to  the  touch  in  cold  weather. ..is  electrically 
shockproof. 


These  kits  show  how  Celanese  plastics  can  do  a  job  f^i 
product  improvement  and  exert  sales  influence  with  the  con 
sumer.  Handles  are  stamped,  "MADE  OF  CELANESE  PLAS 
TIC" — a  phrase  that  means  something  to  the  buying  public. 
Celanese  Plastics  Corporation,  a  division  of  Celanese  Cor¬ 
poration  of  America,  180  Madison  Ave.,  New  York  16,  N.Y. 
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THE  ELECTRON  ART 


SMPE  Spring  Technical  Conference . 188 

German  Industrial  Techniques . 200 


SMPE  Spriii^i;  Technical  Conference 


Papers  presented  at  the  conference 
of  the  Society  of  Motion  Picture  En¬ 
gineers  held  in  New  York  from  May 
6  through  10  contained  much  infor¬ 
mation  on  television  and  sound  per¬ 
tinent  to  electronic  engineers.  Of 
special  interest  was  a  paper  outlining 
improvements  in  studio  equipment, 
which  are  equally  applicable  to  tele¬ 
vision,  and  which  producers  hope 
manufacturers  will  soon  develop. 
Throughout  the  meeting  desirable 
improvements  in  equipment  were 


outlined.  In  abstracting  speakers’ 
comments  these  requirements  have 
been  given  special  emphasis  as  they 
suggest  paths  for  further  study  and 
development. 

Inspection  trips  were  made  to  tele¬ 
vision  studios  of  DuMont  and  RCA- 
NBC,  in  addition  to  the  holding  of 
business  meetings  and  social  events. 
A  scroll  of  achievement  was  pre¬ 
sented  by  the  SMPE  to  Warner 
Brothers  Pictures,  Inc.  for  pioneer¬ 
ing  leadership  in  development  of 


sound  motion  pictures.  Thomas  ai- 
mat,  father  of  the  motion  picture 
projector,  was  awarded  a  scroll  \n 
commemoration  of  the  fiftieth  anni¬ 
versary  of  his  introduction  of  a 
practical  projector. 

Concurrently  with  the  SMPK 
conference  was  the  annual  meeting 
of  the  Inter-Society  Color  Council 
and  a  16-mm  industry  show,  the  lat¬ 
ter  illustrating  growing  interest  in 
compact  equipment  for  use  with 
visual  aids  to  teaching.  National 
meeting  of  the  Acoustical  Society  of 
America  was  held  in  New  York  on 
May  10  and  11.  In  addition,  engi¬ 
neers  en  route  to  New  York  were 
shown  General  Electric  Co.  television 
studios  in  Schenectady. 


Abstracts  of  Papers 

Mndey'nization  Desired  m 
Studio  Equipment 

By  Loren  L.  Ryder 

Director  oj  Recording 
Paramount  Picturen,  Inc 
Hollywood,  Calif. 


Measuring  Radioactive  Seawater 


RadioactiTity  of  seawater  caused  by  atomic  bomb  test  at  Bikini  will  be  measured 
by  this  electronic  equipment.  Geiger  counter  output  is  amplified  and  used  to 
operate  on  indicating  meter.  Col.  S.  Warren.  Radiological  Safety  Advisor  to 
Joint  Task  Force  One.  shows  Copt.  A.  C.  Thorington  what  the  indications  will 
mean  in  terms  of  personnel  safety 


Realistic  rendition  is  the  objective 
of  the  producer.  Three-dimensional 
color  pictures  with  stereophonic 
sound,  already  tested  by  Twentieth 
Century  Fox,  may  be  the  ultimate 
goal.  Opinions  differ  as  to  whether 
truly  three-dimensional  or  subjec¬ 
tively  stereophonic  sound  will  best 
match  stereoscopic  pictures.  Techni¬ 
cal  developments  are  more  certain 
than  other  improvements,  however 
the  diversity  of  equipment  required 
by  producers  has  hampered  manufac¬ 
turers.  More  unified  equipment  re¬ 
quirements  would  enable  the  manu¬ 
facturer,  who  does  most  of  the  basic- 
research  bearing  on  equipment  and 
techinques,  to  concentrate  on  essen¬ 
tial  needs. 

Servo  -  controlled  gyro  -  stabilized 
camera  mounts  are  being  developed 
to  free  cameras  from  location  re¬ 
strictions.  Such  mounts  will  simplify 
the  building  of  costly  tracks  for 
dollies,  coordination  of  foreground 
and  background  shots,  and  repetition 
of  camera  movement  in  shooting 
special  effects. 

A  microphone  that  is  directional  at 
low  frequencies  but  non-directional 
at  high  frequencies  is  needed.  A 
microphone  boom  by  which  directiv¬ 
ity  of  the  microphone,  as  well  as  its 
orientation,  can  be  controlled  and 
that  does  not  cast  a  shadow,  or  at 
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6Q0E**CV 

OHITO** 


Builders  of  Precision  Communication  Equipment 


DIRECT  READING 


MEET  FCC  REQUIREMENTS 


Now  it  is  possible  for  you  to  check  the  new  frequencies  with  utmost  speed,  ease 
and  precision.  These  new  FM  Frequency  Monitors  meet  the  FCC  requirements 
for  the  new  88-108  me.  Broadcast  and  152-162  me.  Emergency  Service  bands. 
No  charts  or  complicated  adjustments  are  needed — reading  is  direct.  Many  other 
DOOLITTLE  features  assure  consistent  accuracy  and  rugged,  long  life.  Write,  wire, 
or  ’phone  RADcliffe  4100  for  full  information. 


RADIO,  INC 

7421  SOUTH  LOOMIS  BLVD.,  CHICAGO  36,  ILLINOIS 
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PRODUCT  LE-DESIGI 


Problem:  To  re-design  hear¬ 
ings  in  bottle  vending  ma¬ 
chine,  Must  be  non-corrosive 
to  withstand  moist  atmos¬ 
phere.  Bore  of  finished  part 
must  serve  as  a  non-lubri- 
cated  bearing,  while  the  outer 
periphery  must  resist  abra¬ 
sive  action. 


The  versatility  of  The 
Richardson  Company  is 
at  your  service  no  mat¬ 
ter  what  the  plastics 
application  may  be. 
Through  the  correct  use 


Solution:  Using  Laminated 
INSUROK,  Grade  CG, 
Richardson  Plasticians  fur¬ 
nished  precision  plastic 
bearings  having  the  required 
characteristics.  For  Grade 
CG  INSUROK  contains  a 
high  percentage  of  natural 
graphite,  has  excellent 
strength  qualities,  resists 
abrasion  and  the  action  of 
moisture. 


of  INSUROK,  both 
molded  and  laminated, 
Richardson  Plasticians 
have  shared  in  the  rapid 
growth  of  many  indus¬ 
tries.  Tell  us  your  plas¬ 
tics  problems  . . .  and  let 
us  help  you  solve  them! 


■ .  -y/a.RlQLXRDSON  COMP/VXY 

LOCKIAND,  CINCINNATI  15,  OHIO  FOUNDED  1  8  5  8  So/ei  Heodquart.-rt:  MELROSE  PARK,  III 

Salei  Office,  NEV»  YORK  6  •  CLEVELAND  15  •  DETROIT  7 

Foctor/ei  MELROSE  PARK.  ILL.  NEW  BRUNSWICK,  N.  J.  INDIANAPOLIS,  IND. 


SMPE  CONFERENCE  (continued) 

least  casts  a  shadow  wth  a  soft  edge, 
would  be  welcome. 

Use  of  the  image-orthicon  both  to 
eliminate  noisy  film  handling  equip¬ 
ment  on  the  lot  and  to  effectively  in¬ 
crease  film  speed  would  facilitate 
photography.  Just  as  the  sound  is 
recorded  at  a  remote  location  after 
handling  through  mixers,  so  the  pic¬ 
ture  could  be  recorded  at  a  central  lo¬ 
cation  after  monitoring.  Smaller 
mixers  are  needed. 

Equipment  could  be  made  smaller 
if  400-cps  power  were  used.  Higher 
voltages  for  power  sources  w’ould  im¬ 
prove  the  lighting.  Brighter  lights 
are  needed.  Simpler,  cheaper  set 
construction,  possibly  using  plastics 
and  laminated  wood,  and  a  fast-dry¬ 
ing  paint  with  high  gloss  are  also 
needed. 

Theater  Television 

By  L.  B.  Isaac 

Director  of  Profection  and  Sound 
Loete'd  Inc. 

Xevo  York,  N.  Y. 

Television  in  motion  picture  thea¬ 
ters  will  be  accepted  by  the  public  on 
the  basis  of  its  entertainment  value, 
not  on  its  novelty.  Theaters,  in  the 
opinion  of  the  author,  will  not  inter¬ 
rupt  features  to  show  televised  news 
events.  Only  scheduled  events  could 
be  fitted  into  the  program,  but  these 
the  public  would  stay  home  to  watch 
on  their  own  television  receivers. 
Film  image-storage  is  just  another 
news-reel  service.  No  projector  giv¬ 
ing  an  adequately  large  and  bright 
image  and  operating  from  the  regu¬ 
lar  projection  booth  has  been  dem¬ 
onstrated  to  date. 

Unified  Approach  to  Film  Pickup 
Tubes,  and  the  Eye 

By  Albert  Rose 

RCA  Lahoratorien 
Princeton,  A’.  J. 

Examination  of  fundamental  fac¬ 
tors  that  determine  performance  of 
photographic  film,  television  pickup 
tubes,  and  the  human  eye  indicates 
ultimate  limitations  of  these  devices. 
The  halftone  discrimination  of  the 
eye  requires  that  pictures  must  be 
photographed  or  picked  up  at  in¬ 
creased  brightness  if  the  brightness 
of  reproduction  is  increased. 

Departmentalization  of  science 
has  separated  study  and  recording; 
hence  notation  used  by  physiologists 
studying  the  eye,  photographers 
studying  film,  and  electronic  engi¬ 
neers  studying  television  pickup 
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SYLVANIA  NEWS 


Circuit  Engineering  Edition 


JULY  Prepared  hy  SYLVANIA  ELECTRIC  PRODUCTS  INC,  Emporium.  Pa.  1946 


RUGGED  ELECTRONIC  TUBE  TINY  ENOUGH 
TO  REVOLUTIONIZE  DESIGN  OF  RADIO 
RECEIVERS  AND  OTHER  EQUIPMENT 


\fote  cotn/Htct  u4ei'ision  receivers  ivill  fte 
nuide  fHtssible  hy  the  T~3. 


Much  Smaller  Sets  Possible 


Radical  reductions  in  the  size  and 
weight  of  many  types  of  electronic 
equipment  are  seen  as  a  distinct  pos- 
siiiility  arising  from  Sylvania  Elec¬ 
tric’s  development  of  the  extremely 
small  T-3  tube.  The  T-3  is  the  com¬ 
mercial  version  of  the  peanut-sized 
electronic  tube  of  proximity  fuze 
fame. 

Tiny  as  it  is,  the  T-3  tube  is  char¬ 
acterized  by  exceptional  rug^jedness. 
It  has  a  life  of  hundreds  of  hours, 
and  is  ideally  suited  for  operation 
at  high  frequencies. 


ff  eight-savinfi  features  of  the  T-3  ivill  be 
of  sfpecial  value  in  air-borne  eijuipment. 


tures  of  the  tube  make  possible  still 
further  reductions  in  space  and 
weight. 


Range  of  Applications 


Savings  in  Space  and  Weight 


The  small  size  of  the  T-3  contrib¬ 
uted  directly  to  compactness  and 
lightness  in  the  design  of  radio  and 
television  receivers  and  other  types 
of  electronic  equipment.  Other  fea- 


The  design  possibilities  opened 
by  the  T-3  are  naturally  of  greatest 
interest  in  the  case  of  portable  and 
air-borne  equipment.  However,  its 
potentialities  are  not  limited  to 
these  fields.  Write  Sylvania  Electric 
Products  Inc.,  Emporium,  Pa. 


The  T-3  tube  is  shotvn  here 
in  its  actual  size. 


Equipment  for  motor  boats 
anil  yachts  can  be  made 
smaller  and  lighter. 


SYLVANIAJTLLECTRIC 


Emporium.,  Pa. 

makers  of  radio  TUBES:  cathode  ray  TUBES:  ELECTRONIC  DEVICES:  FLUORESCENT  LAMPS.  FIXTURES,  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 
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ANDREW 

DRY  AIR 
EQUIPMENT 

for 

pressurizing 
coaxial  cable 
lines 


TYPE  1800 

AUTOMATIC  DEHYDRATOR 


I 


A  compact,  completely  automatic  unit  that  pressurizes  coaxial  transmission  lines 
with  clean,  dry  air.  Starts  and  stops  itself.  Maintains  steady  pressure  of  15  pounds.  | 
A  motor  driven  air  compressor  feeds  air  through  one  of  two  cylinders  containing  . 
a  chemical  drying  agent  where  it  gives  up  all  moisture  and  emerges  absolutely  j 
clean  and  dry.  Weighs  40  pounds;  14  inches  wide,  14  inches  high,  11  inches  deep,  j 
Power  consumption,  210  watts,  320  watts  during  reactivation.  j 


Andrew  Dry  Air  Equipment  is  used  in  a  multitude 
of  other  applications.  Write  for  further  information. 


ANDREW  CO. 

363  E.  75th  ST.,  CHICAGO  19,  ILLINOIS 

Pioneer  Specialists  in  the  Manufacture  of  a 
Complete  Line  of  Antenna  Equipment 


TYPE  720 
PANEL  MOUNTING 
DRY  AIR  PUMP 


Designed  over  the  simple  tire  pump  principle,  this  all-purpose 
dry  air  pump  has  numerous  applications.  Output  of  each  stroke 
is  about  26  cubic  inches  of  free  air.  Transparent  lucite  barrel 
holds  silica  gel.  Supplied  complete  with  7-foot  length  of  hose. 
Height  251/2  inches.  Net  weight  8I/2  pounds. 


TYPE  876-B 


Specially  designed  for  use  in  equip¬ 
ment  requiring  a  small,  built-in  source 
of  dry  air.  Only  2  inches  in  diameter, 
6  inches  long.  Pressures  as  high  as 
30  pounds  are  easily  generated.  Piston 
type  compressor  drives  air  through  a 
chemical  drier.  Pump  supplies  dry  air 
with  only  7  to  10%  relative  humidity. 
Additional  silica  gel  refills  available 
at  reasonable  cost. 


SMPE  CONFERENCE  (continued! 

tubes  differs.  Rather  than  compar¬ 
ing  the  eye,  whose  pterformance  is 
measured  in  terms  of  the  distance  at 
which  it  can  distinguish  a  candle, 
with  a  film,  whose  performance  is 
given  in  object  resolution  and  grain, 
or  a  television  pickup  tube,  whose 
characteristic  is  given  in  micro¬ 
amperes  output  per  lumen  input,  on 
their  individual  methods  of  meas¬ 
urement,  they  can  be  compared  on 
the  basis  of  their  signal-to-noise 
ratios. 

Random  fluctuation  in  the  conver¬ 
sion  of  light  to  an  image  signal  is 
dependent  on  the  quantum  N  inci¬ 
dent  on  the  picture  area,  taken  as  a 
square  of  fixed  size  and  having  di¬ 
mensions  h.  The  S/N,  represented 
by  R,  equals  NK  Scene  brightness, 
represented  by  B  is  given  by  a  con¬ 
stant  K  times  N/h*.  Thus  B  = 
KiR/h")  from  which,  given  R  and 
B,  one  can  find  h,  the  resolution  of 
the  device.  The  constant  contains 
factors  of  the  lens  system  and  photo 
efficiency. 

On  the  basis  of  this  relation, 
Super-XX  film  at  a  resolution  of 
525  lines  has  a  signal-to-noise  ratio 
of  25,  Panatomic-X  has  -a  signal-to- 
noise  ratio  of  35.  These  figures, 
rather  than  the  ultimate  line  resolu¬ 
tion  of  which  the  film  is  capable, 
form  the  basis  for  comparison  with 
television  pickup  tubes. 

Using  the  relation  derived,  photo¬ 
efficiency  of  various  devices  can  be 
compared:  Film,  0.5  percent;  Tele¬ 
vision  tube,  1.0  percent;  Eye  1  to 
10  percent,  depending  on  scene 
brightness.  As  scene  brightness  en¬ 
hances  the  halftone  .discrimination 
of  the  eye,  a  greater  contrast  range 
is  required  of  devices  that  reproduce 
bright  images.  • 

Instead  of  conif)aring  the  three 
mediums  on  the  bases  of  limiting 
resolution  of  film,  frequency  re¬ 
sponse  of  a  pickup  tube,  and  mini¬ 
mum  resolvable  angle  of  the  eye, 
all  should  be  compared  on  the  basis 
of  picture  elements  obtainable  at  a 
given  signal-to-noise  level. 

I  Color  Television 

By  P.  C.  Goldmark 

Columbia  It  road  casting  System,  Inc. 

A' t  ic  York.  X.  Y. 

After  reviewing  reasons  for  using 
an  additive  color  system  and  describ¬ 
ing  techniques  of  picture  transmis¬ 
sion  and  reproduction  presented  else¬ 
where,  the  speaker  outlined  the  pos- 
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A  radio  engineer's  dream  come  true!  The 
greatest  development  in  loop  antenna  design 
and  manufacture  since  1920!  Flat  sheets  of 
copper  die-stamped  into  perfect  supersensitive 
loops  •  •  •  air  dielectric  throughout  their  entire 
length  .  •  .  being  rectangular  they  have  27% 
m6re  efFective  area  •  •  .  better  performance  at 
lower  cost  •  •  •  no  set  builder  can  afford  to  over^ 
look  the  significance  of  the  AIRLOOP* 


■  ^  hops  are  bottlenecking  yoor  assembly  lines  ? 

I  r  ^ont  the  best  loop  for  yoor  set? 

I I  yoo  are  cost  conscioos? 

COrtMit 

for  large  scale  delivery  of 


HUNDREDS  OF  THOUSANDS 
ARE  NOW  BEING  PRODUCED 
FOR  SOME  OF  THE  LARGEST 
MANUFACTURERS  OF 
RADIO  RECEIVERS. 


Compare  these  AIRIOOP  valoes 
with  conventional  loop  valoes  and 
yoo  too  will  SPECIFY  AIRIOOPS.  j 

^  Optimum  sensitivity  s 

•  High  uniform  over  entire  j 

bond  I 

^  Inductance  to  dose  tolerance  \ 

without  adjustable  turn  I 

•  Low  distributed  capodty  / 

•  27%  greoter  effective  loop  area  V 

^  Electrical  and  mechanical  stability  ( 

•  Backboard  and  loop  in  one  / 

•  Lower  cost  1 

i 

•  Elimination  of  individuol  loop 

adjustment  on  assembly  line  / 

^  Maximum  space  utilization  S 

•  No  haywire  / 


^^^75  VARICK  ST..  NEW  YORK  14.  N.  Y. 
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PIONEER  MANUFACTURERS  OF  PERMANENT  MAGNET  DYNAMIC  TRANSDUCERS 


ssss 


mi 


^4 


r 


r 


u 


i 


T 


t 


■2 


m 


Mfl 


J 


mii 


J 


<« 


7^ 


•9 


1 


1 


Factor  Governing 
Frequency  Response 


By  M.  Rettinger  and  K.  Singer 

ItCA  Victor  Dir,  RCA 
Rollytrood,  CaliJ.  , 

Theoretical  characteristics  of  the 
sound  recording  channel  can  be  ob¬ 
tained  for  designing  equipment 
rather  than  relying  on  empirically 
derived  characteristics  currently 
used.  The  characteristics  are 
reached  by  considering  high  fre¬ 
quency  loss  due  to  the  finite  slit 
width  of  the  light  gate  in  the  vari- 
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The  Difference  Between 
"IVe  Think  So"  and 
"We  KNOW  So" 


SMPE  CONFERENCE 


(continuvd) 


...ore  Engineered  for  Application  in 
this  Stalactite  Acoustical  Chamber 

In  this  completely  soundproof  room,  asymmetrical  walls  and  carefully  designed  mass- 
interval  baffles  effectively  reduce  troublesome  resonant  harmonics  and  reflected  sound 
to  an  insignificant  value.  Response  curves  are  plotted  vrhich  represent  true  perform¬ 
ances  so  that  Permoflux  engineers  can  say  "We  Know  So.”  its  use  at  Permoflux  is 
characteristic  of  the  many  factors  which  make  it  possible  to  substantiate  the  fact  that 
Permoflux  Speakers  provide  the  finest  possible  sound  reproduction. 


sibilities  of  an  electronic  color  sep> 
arator  and  synthesizer. 

The  electron  beam  would  have  to 
change  the  effective  dye  concentra¬ 
tion,  not  the  transmissivity.  Known 
photoconductive  crystals  lack  proper 
dye  color  and  storage.  An  electronic¬ 
ally  controlled  sheet  that  changes  its 
color  for  each  frame  would  accom¬ 
plish  the  required  result.  For  repro¬ 
duction,  luminescent  material  of  the 
tube  could  be  formed  in  narrow 
stripes  of  different  colors,  or  a  stripe 
filter  could  be  placed  over  the  tube. 
The  scanning  beam  would  then  be 
made  to  register  with  appropriately 
colored  stripes  for  each  color  frame. 

Before  color  television  progresses 
further  it  is  desirable,  and  possible, 
to  standardize  colors,  color  repeti¬ 
tion,  image  repetition,  resolution, 
and  sound  quality.  As  the  choice  be¬ 
tween  a  color  repetition  of  40  or  48 
cps  is  arbitrary,  it  would  be  desir¬ 
able  to  operate  at  a  whole-number 
multiple  of  the  color  motion  picture 
rate,  that  is,  at  48  color  frames  per 
second.  Flicker,  which  becomes  more 
noticeable  with  increased  image 
brightness,  is  not  noticeable  at  this 
rate  until  the  picture  is  reproduced 
at  8  f oot-lamberts ;  4  foot-lamberts 
is  the  highest  brightness  currently 
economical. 

Because  invention  of  electronic 
color  scanning  will  in  no  way  affect 
the  transmitted  television  signal, 
standardization  on  the  present  me¬ 
chanical  color  disk  system  can  be 
made.  When  electronic  scanning  is 
developed  it  will  merely  replace  the 
color  wheel.  (For  material  included 
in  this  paper  readers  are  referred  to : 
Color  Television  on  Ultra  High  Fre¬ 
quencies,  Electronics,  p.  109,  April 
1946,  and  Color  Television  by  P.  C. 
Goldmark  et  al.  Part  I,  Proc.  I R  E,p. 
162,  April  1942;  Part  II,  Proc.  IRE 
\  Sept.  1943.) 


PERii#~FUlX 

PERMOFLUX  CORPORATION 

4900  WEST  GRAND  AVE.,  CHICAGO  39,  ILL. 


S\ V  ^ A  Manufacturers  of  hundreds  of  different 

things  have  brought  their  spring  design 
7 //  problems  to  Accurate  engineers.  And, 

^  I  I  ^  '  Accurate  engineers  have  been  able  to  design 

£  I  springs  that  were  exactly  right  for  the  jobs.  Often, 

I  their  suggestions  have  improved  product  performance, 
reduced  spring  costs  and  even  speeded  up  assembly  time. 
Could  you  use  practical  help  on  your  spring 
engineering  problems?  Would  you  benefit  by  the  services 
of  a  specialized  engineering  department .  .  .  one  with  millions 
of  springs  of  experience?  Ask  an  Accurate  representative  to  call. 

ACCURATE  SPRING  MFC.  CO. 

3830  W.  Lake 
^Chicogo  24,  Illinois 
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ACRO’S  /•  ^ 


In  keeping  with  the  ever-widening  demand  for  small  ACRO 
Snap  Action  Switches,  built  with  the  patented  Beryllium 
Rolling  Spring  and  with  the  experience  gained  in  building 
hundreds  of  thousands,  ACRO  now  adds  a  sturdier, 
more  durable  housing  for  its  popular  long  life  Model  ''M". 

NEW  FEATURES 

1*  New  stronger  molded  case  — cover  recessed  into  cose, 
clear  of  the  four  3/32''  mounting  holes.  •  2*  Sturdier  barriers 
between  terminals,  affording  generous  electrical  clear¬ 
ances.  •  3*  Heavier  solder  terminals  with  .082"  terminal 
holes  for  easier  wiring.  •  4«  Greater  compactness  for  multiple 
assemblies— four  can  be  mounted  in  a  space  of  less  than  114". 

This  better  built,  better  performing  switch  is  made  with 
single  pole,  single  or  double  throw  contacts — rated  at 
10  amps.  125  volts  A.  C.  Can  be  fitted  with  leaf  actu¬ 
ators  illustrated  above.  For  immediate  help  on  your  switch 
problems,  send  full  details  of  operating  characteristics 
required  and  proposed  assembly. 


3.  MODEL  "M"  WITH 
A-18-M  ROUER  LEAF  BRACKET. 


2.  MODEL  "M" 

WITH  A-18  LEAF  BRACKET. 


1.  BASIC 
MODEL  “M". 


ACRO  ELECTRIC  COMPANY 


1316  SUPERIOR  AVENUE  •  CLEVELAND  14,  OHIO 


able-area  film  recording  head,  need 
to  compensate  for  changes  in  voice 
quality  at  different  levels,  effect  c.f 
set  reverberation  on  intensity  *  f 
different  frequencies  reaching  the 
microphone,  and  the  fact  that  theater 
reproduction  is  five  decibels  abo\e 
normal,  which  means  that  the  lis- 
tener’s  ear  is  operating  at  a  differ¬ 
ent  constant-loudness  contour  than 
it  would  be,  were  the  sound  repro¬ 
duced  at  its  original  level. 

From  these  and  like  considerations 
of  microphone  response,  it  turns  out 
that  microphone  equalization  should 


A  graphical  method  is  used  to  find 
OTerall  choracteristic  of  channel  when 
transfer  characteristic  of  each  element  is 
known,  or  to  determine  required  character¬ 
istic  of  an  equaliser  to  produce  desired 
OTercdl  characteristic.  For  example,  if  the 
microphone  hos  characteristic  A.  the  film 
gamma  a  character  B.  and  the  reproducing 
system  a  character  C.  then  the  OTerall 
channel  characteristic  of  a  film  recording 
system  is  as  shown 


be  introduced  ahead  of  the  compres¬ 
sor;  that  is,  compensations  for  such 
variables  as  actor’s  voice,  set  rever¬ 
beration,  and  particular  microphone 
are  made  to  bring  all  signals  to  the 
same  spectrum  content.  Then  comes 
the  equalizer,  which  is  designed  to 
have  an  acting  time  of  0.002  sec.  and 
a  release  time  of  0.5  sec.  Fixed 
equalizations  such  as  those  for  film 
gamma  curve  are  introduced  after 
the  equalizer.  Following  stages  are 
all  flat  except  for  the  100  to  8,000 
cps  filter. 

Compression  avoids  over-shooting 
in  recording — comparable  to  swing¬ 
ing  tube  beyond  cutoff,  decreases 
sibilance,  and  permits  overriding  au¬ 
dience  noise  without  resorting  to 
painfully  loud  levels.  The  dynamic 
range  between  what  is  necessary  to 
override  audience  noise  and  the  level 
of  pain  is  about  15  db.  Compressors 
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Typ# 


Klomvnt 


CapocitoncM  uuf 


Max.  fiat* 


Mox.  input 
puf  tuba 


V.70.D 


85  Watts 


300  Want 


112-H 


85  Wans 


300  Want 


•12-H 


ea. 


V3 

actual  tiza 


Only  8  Watts  Drive 

for  Vi  K. W*  Phone  Input 

with  NEW  UNITED 

GRAPHITE  TRIODES 


V-70.0 


Transmitting  Tubes  EXCLUSIVELY  Since  1934 


UNITED  ELECTRONICS  COMPANY 

AMATEUR  RADIO  DEPARTMENT 

42  SPRING  ST,  •  NEWARK  2,  N.  J. 


LOOK  FOR  THIS 

GETTER  TRAP 

in  all  UNITED  TUBES 


Highest  Ratings  On  Record  for  Graphite  Anode 
Tubes  Ma^e  Possible  by  New  Getter  Trap 


A  great  development  ia  graphite  anode  tubes 
. .  .the  United  Isolated  Getter  Trap . . .  has  re> 
suited  in  new,  clear  glass  tubes  free  from  the 
familiar  dark  metallic  deposit  on  the  bulbs,  and 
utilizing  for  the  first  time  all  the  superior  advan¬ 
tages  of  graphite. 

The  net  result  of  this  United  achievement  in 
the  two  types  illustrated  is  a  very  low  cost  re¬ 
placement  for  lower  rated  tubes  of  the  40  or  55 
watt  plate  dissipation  class  as  well  as  original 
tubes  for  new  equipment  with  minimum  driver 
construction  cost. 

Choice  of  two  types,  V-70-D  and  812-H  bridge 
many  replacement  needs  with  little  or  no  circuit 
changes.*A  pair  of  either  type  will  take  %  K,  W. 
phone  input  at  30Mc — up  to  60Mc  with  reduced 
input.  Available  now  at  all  leading  Radio  Parts 
Distributors. 
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The  unique  differences  in  the  design  of  an  electronic  product 
often  call  for  components  that  are  slightly  different  than  so-called 
standard.  Here  Is  an  Acme  Electric  transformer  which  may  give 
expansion  to  your  ideas  —  to  take  advantage  of  all  the  "extras'* 
for  better  performance. 

We  call  this  "Mounting  Type  1 30"  —  two  hole 
horizontal  mounting,  with  lead  holes  on  bot* 
tom  or  side  of  shell.  It  is  developed  in  ratings 
from  15  VA  to  100  VA  to  the  exact  electrical 
characteristics  that  you  require.  Made  from 
standard  parts  to  special  specifications  and 
produced  by  straight  line  voluVne  production 
methods.  For  further  details,  write  for  Bulletin 
168,  or  better  still,  tell  Acme  Electric  transfer- 
mer  engineers  about  your  problems  and  let 
them  assist  you. 


THE  ACME  ELECTRIC  &  MFG.  CO. 

31  Water  St.  CUBA/  N.  Y. 
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must,  therefore,  reduce  dynamic 
range  to  this  range. 

Theater  Servicing 
Teat  Equipment 

By  Edward  Stanko  and  P.  V.  Smith 

RCA  Service  Co. 

Camden,  J. 

Portable  meters  can  be  made 
smaller  and  sturdier  by  using  alnico 
magnets  in  indicating  instruments. 
The  greater  flux  density  of  these 
magnets  use  of  higher  torque 
springs,  increasing  ruggedness  of 
the  meters.  Subminiature,  shock- 
proof  tubes  decrease  size  of  the 
equipment  and  have  made  possible 
a  VoltOhmyst  containing  its  own 
battery  power  supply. 

An  audio  amplifier  with  sufficient 
gain  and  output  power  to  give 
speaker  output  from  lowest  level 
channels  finds  wide  uses  both  in  sig¬ 
nal  tracing  and  as  an  auxiliary  am¬ 
plifier. 

Technical  High  spots 

Other  technical  information 
presented  at  the  conference  included 
effects  of  spectral  distributions  of 
light  sources,  which,  although  they 
may  combine  to  give  apparently  the 
same  color  light,  do  not  result  in  the 
same  color  rendition  of  objects  be¬ 
ing  illuminated.  Sound  dubbing 
studios  were  built  to  reduce  out¬ 
side  noises  to  acceptably  low  levels. 
By  placing  an  intervening  hallway 
between  the  noisiest  outside  wall  and 
the  studios  and  leaving  a  6-in.  dead- 
air  space  flanked  by  celotex  sheath¬ 
ing  between  studio  inside  and  out¬ 
side  walls,  a  45  db  attenuation  was 
obtained.  Reverberation  in  studios 
was  controlled  by  placing  reflecting 
surfaces  opposite  absorbing  surfaces. 

A  concentrated-arc  light  source 
consisting  of  an  inert  gas  and 
refractory  cathode  inside  a  glass 
bulb  gives  a  bright  white  light  hav¬ 
ing  a  continuous  spectral  distribu¬ 
tion.  The  light  source  can  be  made 
small  enough  to  approach  a  point 
source  thereby  improving  projector 
image  sharpness  and  depth  of  focus. 

Using  photocells  to  measure  light 
in  an  integrating  sphere  and  to  ob¬ 
tain  a  balance  on  an  optical  bench, 
the  absolute  photometric  lens  aper¬ 
ture  can  be  found.  Because  of  sur¬ 
face  reflections  in  the  lens  system 
this  aperture  has  a  larger  /  number 
than  the  geometrically  determined 
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G*E  mycalex  »  precision-molded 
for  rocket  ignitors 


•  Here  is  an  experimental  redesign 
of  the  Rocket  Ignitor  Bushing, 
precision-molded  in  G-E  mycalex 
with  a  very  thin  wall  section  to 
save  assembly  operations  in  the 
manufacture  of  the  original  com¬ 
ponent.  The  few  parts  molded  be¬ 
fore  the  end  of  the  war  proved 
successful.  And  the  molded  Rocket 
Ignitor  Bushing  is  an  example  of 
how  an  intricate  part  can  l>e 
molded  to  close  tolerances  in  G-E 
mycalex. 

General  Electric  engineers  who 
solved  tough  wartime  insulation 
problems  with  G-E  mycalex  will 
be  glad  to  give  you  the  benefit  of' 
their  experience.  They  may  show 


you  how  precision-molded  G-E 
mycalex  parts  can  save  on  your 
over-all  insulation  costs  by  elimi¬ 
nating  off-size  rejects. 

Find  out  more  about, G-E  myca¬ 
lex  —  a  stone-hard,  gray -colored 
material,  produced  by  fusing  spe¬ 
cial  glass  and  powdered  mica.  It 
is  now  available  in  standard  sheets 
and  rods  ,  ,  .  fabricated  parts  .  .  . 
parts  molded  to  your  own  design. 
Send  for  our  new  bulletin,  “G-E 
Mycalex** — it  tells  the  whole  story 
of  this  unique  insulating  material. 
Write  to  Plastics  Divisions,  S-11, 
Chemical  Department,  General 
Electric  Co.,  1  Plastics  Avenue, 
Pittsfield,  Massachusetts.  ' 


MOLDING  SERVICE 

Get  This  Unique  Combination  of 
Properties  with  G-E  Mycalex 

1.  High  di*l«ctric  strength 

2.  Lew  power  factor. 

3.  Prolonged  resistance  to  electrical  arcs 

4.  Chemical  stability— no  deterioration  with 
age 

5.  Dimensional  stability— freedom  from  warp- 
age  and  shrinkage 

6.  Impervious  to  water,  oil,  and  gas 

7.  Resistance  to  sudden  temperature  changes 
t.  Low  coefficient  of  thermal  expansion 

9.  High  heat  resistance 

Samples  Supplhd  on  Reqwsf 


GENERAL  W  ELECTRIC 
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Now  Better  Than  Ever! 


HO  LLYWOOD 


•  HERE’S  OOOD  NEWS  !  Radioton*  is  back  in  commorciol  prodwct.on  wMi  n*w,  intprovod 
modols,  mad*  by  Ellin  wood  Industrios,  fomows  for  D*tign  Simplicity— D*p*ndobility.  Now^lO 
yocM-t  recording  *xp*ri*nc*  with  thoosonds  of  units  In  torvic*  Is  combined  with  precisien 
know-how  and  the  latest  production  equipment.  Check  these  features— net*  the  Improvements 
—  then  send  fer  name  of  local  representative  and  complete  Illustrated  catcHog  describing  the 
R  A-1 16and  other  models, including  the  R-1 16, 16''dualsp**dr*cord*rwith*utamplifi*r,Hi*  D1 16, 
16"  dubbing  table  and  the  TP-116, 16" transcription  player  and  TP-1 12,  12"lronscriplion  player. 

PIATUmSs 


DUAL  SPEED— 78  or  33V4  rpm.  instantly  se¬ 
lected  by  an  improved  lever  shift. 

LEAD  SCREW— Positive  feed  overhead  lead 
screw.  Direction  of  cut  can  be  changed  instantly 
and  run-in  grooves  may  be  mad*  when  desired. 
VARIABLE  LINES— Number  of  lines  per  inch  on 
the  disc  may  be  varied  from  90  to  130. 

DRIVE  SYSTEM— Radiotone  has  perfected  a 
positive  silent  drive  insuring  perfect  motion,  cor¬ 
rect  pitch,  and  stobility.  Speed  accuracy  b  main¬ 
tained  within. 3%  at  78  rpm.  and  .4%  at  3314  rpm. 
DUO-CHROMATIC  EQUALIZERS-Two  con- 
trob  allow  continuously  variable  response  over 
both  high  and  low  registers. 

MULTIPLE  INPUT  CHANNELS -Two  high 
impedence  input  channeb  are  provided.  (Low 
impedenc*  abo  avaflable.)  Two  {acks  for  micro¬ 
phone.  The  other  two  for  phonograph  pick-up 
or  o  zero  level  line. 

MIXERS— Two  independent  volume  controls  are 
provided  and  may  be  operated  simultaneously. 


VOLUME  INDICATOR— A  volume  indicator  meter 
is  provided  for  accurate  monitoring  of  recording 
level. 

RADIO  —an  optional  extra. 

OUTPUTS— AH  output  impudences  are  8  ohms. 

AMPLIFICATION  STAGES-The  amplifier  has 
four  stages  as  follovrs:  one  7F7  dual  pre-amplifier 
tube,  one  7F7  tube  for  duo-chromatk  equalizer 
stage  and  two  7F7  tubes  in  push-pull  stage  driv¬ 
ing  two  7C5  tubes  in  push-puH  class  **A".  Power 
output  is  14  Watts.  Harmonic  distortion  less  than 
1%;  inverse  feed  back  b  employed. 

POWER  REQUIREMENTS-110-120  Vohs.  50 
or  60  cycles  AC.  150  Watts.  May  be  used  on  DC 
by  addition  of  converter. 

SPEAKER —Neavy  duty  12-inch  high  fidelity 
speaker  of  the  permanent  magnet  dynamic  type. 

FINISH— Handsome  leatherette  case  with  chro¬ 
mium  hardware.  Exterior  metal  parts  finished  in 
baked  crackle  lacquer  with  chrome  trim. 
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aperture  as  given  by  /,*  =  /«/Vt 
where  /,*  is  the  photometric  aper¬ 
ture,  /„  is  the  geometrical  aperture, 
and  7)  is  the  effective  lens  transmit¬ 
tance.  This  calibration  technique 
might  lead  to  new  standards. 
Matched  photocells  are  needed.  It 
was  found  that  the  cells  differed  in 
fatigue  characteristics.  Phototubes 
gave  similar  problems.  More  uni¬ 
form  characteristics  in  these  photo¬ 
electric  transducers  would  facilitate 
the  measurements. 

Film  for  photographing  television 
tubes  was  described.  It  was  devel¬ 
oped  to  have  sufficient  sensitivity  to 
record  the  image  on  a  P4  screen 
with  a  1/30-sec  exposure,  to  give 
resolution  of  33  lines  per  mm  on  16 
mm  film,  as  required  to  record  the 
lines  of  the  television  image,  and 
to  have  a  contrast  ratio  of  1 :10 
which  is  consistent  with  contrast  of 
television  images. 

The  optical  system  whereby  color 
film  is  scanned  for  televising  was  de¬ 
scribed.  The  equipment  uses  an 
image  dissector  tube  to  avoid  over¬ 
lapping  of  stored  images  produced 
through  the  previous  color  filter. 
Five  coplanar  lens  segments  are  suc¬ 
cessively  exposed  to  the  continuously 
moving  film  by  a  rotating  slit  gate. 
Image  motion  as  it  enters  the  dis¬ 
sector  tube  is  compensated  by  scan¬ 
ning  motion  of  the  dissector  itself. 

6  •  6 

German  Industrial  Techniques 

Allied  technical  missions  have 
learned  from  interrogation  of  Ger¬ 
man  personnel  and  study  of  their 
equipment  the  techniques  and  prod¬ 
ucts  that  had  been  kept  secret  dur¬ 
ing  the  war.  Reports  of  these  mis¬ 
sions,  some  containing  material  of 
interest  to  electronic  engineers,  are 
becoming  available  through  the  Tech¬ 
nical  Industrial  Intelligence  Branch 
of  the  Joint  Intelligence  Objectives 
Agency,  Office  of  the  Joint  Chiefs  of 
Staff,  and  printed  by  the  Publica¬ 
tions  Board  of  the  Department  of 
Commerce  (Electronics,  p.  316, 
April  1946). 

The  following  abstracts  of  some  of 
;  these  reports  indicate  the  kind  of 
material  being  found,  report  number 
and  number  of  pages  follow  each  ab¬ 
stract.  Most  reports  give  in  detail 
the  manufacturing  processes  and  ma¬ 
chinery,  some  familiar  to  American 
industry,  some  new.  Among  other 


DEALERS  —  A  few  good  territories  open  to  qualified  dealers  having  better-class 
dientel*  and  reputatidn  for  superior  service.  Write  ond  tell  us  obout  yourself. 


I  150  WEST  SLAUSON  AVD4UE  •  LOS  ANGaES  3,  CAUFORNIA  •  DEPT.  R-  200 

I  Pleat*  seed  iflutfreted  Catalog  on  portabie  Rodiotoiw  Recorder 


CoMipaRy  ■'  .  II  ...I— . . —I  ■■  .  ..  Tide 

City - Zone - State - 
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ceramic  products 


rw 


precision  made' 


r  means 


fewer  headaches 

'  ^ 

for  you 


Ceramic  parts  that  are  dimensionally  accurate 
and  mechanically  strong  are  ''headache  elim¬ 
inators''  h>r^your  production  men.  Stup^dcoff 
takes  special  precautions  throughout  all  steps 
of  design  and  manufacture  to  see  that  every 
item  is  as  nearly  perfect  as  modem  precision 
mass-manufacturing  methods  can  make  it.  As 
a  result,  your  production  of  assemblies  is 
speeded,  and  you  have  less  waste  of  labor 
and  materials. 

The  dependable  high  quality  of  Stupakoff 
ceramics  assures  complete  satisbction. 


'•  %  y 


Prscition  grinding  of  firod  coramic  part* 
aaaurae  vmiformity. 


JVfiM 


Elactrolimit  gauging  check*  dimensioixs^ 
to  the  fifth  decimal. 


CER,AMIC  AND  MANUFACTURING  COMPANY 


L  A  T  R  O  B  E 


■'  .v-.J 
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GERMAN  TECHNIQUES  (conHnusd) 


interesting  processes  found  by  the 
17  industry  units  collecting  informa¬ 
tion  in  Germany  is  the  manufactur¬ 
ing  of  metallized  capacitors  (Elec¬ 
tronics,  p.  303,  May  1946)  which  is 
covered  by  U.S.  Patent  2,244,090  held 
by  the  Alien  Property  Custodian  and 
available  for  licensing  (Electronics 
p.  306,  July  1945),  manufacture  of 
high  dielectric  ceramics  used  in  the 
form  of  paint  to  reduce  radar  reflec¬ 
tion  from  submarines,  tape  recording 
equipment,  and  selenium  rectifiers. 

The  Germans  developed  a  na¬ 
tion-wide  wired  broadcasting  system 
using  telephone  lines  and  modulated 
carriers  of  between  100,000  and 
200,000  cps. 

Studies  of  the  effects  of  ionization 
of  air  on  peoples’  health  and  sensa¬ 
tions  indicated  that  positive  ioniza¬ 
tion  is  physically  and  psychologically 
deleterious.  However,  negative  ion¬ 
ization  lowers  blood  pressure,  reduces 
rate  of  respiration,  and  exhilarates 
the  spirits  of  individuals.  The  report 
suggests  that  production  of  equip¬ 
ment  to  ionize  the  air  negatively 
I  could  become  as  great  an  industry  as 
manufacture  of  air  conditioning 
units. 

I  Depositing  Metallic  Films 

I  Glow  discharge  bombardment  of 
:  glass  mirror  base  surfaces  has  been 
I  developed  for  production  of  mirrors 
j  up  to  three  meters  in  diameter.  After 
:  the  surface  is  cleaned,  the  gas  cham- 
j  ber  is  evacuated  to  high  vacuum  and 
;  aluminum  evaporated  onto  the  sur- 
j  face  by  low-frequency  current. 
Quartz  to  a  thickness  of  one  micron 
is  evaporated  over  the  aluminum  to 
;  prevent  tarnishing.  In  another  evap- 
j  orating  process,  titanium  dioxide 
J  films  are  applied  to  glass  to  reduce 
I  reflection  of  light  (C%1;3  p). 

I  Vacuum-tight  glass  to  metal  seals 
were  produced  by  heating  pyrex  un- 
1  til  the  sodium  light  appeared  in  the 
j  flame,  removing  the  glass  and  spray- 
}  ing  it  with  molten  aluminum  from  a 
I  metallizing  gun  until  an  opaque  coat- 
j  ing  was  obtained.  Masks  controlled 
I  the  area  of  application.  To  this  coat- 
!  ing  copper  or  other  metal  was 
I  sprayed  at  room  temperature  giving 
I  a  surface  to  which  solder  could  be 
applied.  Hydrogen  voltage  regu¬ 
lators  were  built  using  these  seals. 
Selenium  rectifiers  using  an  alumi- 
!  num  electrode  were  built  by  evapo- 
1  rating  the  selenium  into  the  electrode 
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DEPENDABLE 


RECEPTION 


I 

Federal  Telephone  and  Radio  Corporation 


In  Conoda:— Fednral  EInctric  Manufacturing  Company,  lid.,  Moniraal 

Export  Distributor: — Intomational  Stondord  Etactric  Corporation 


Ngwarlc  I,  New  Jersey 


Ordered  in  Quantity  by  Eastern  AirRnes 


federal’s  new  single  channel  ground  station  receiver 
139 A  is  especially  designed  for  post-war  commercial 
aviation  service,  in  the  band  from  108  to  132  Me;  this 
range  covers  the  recently  assigned  band  for  air-to-ground 
communication.  This  receiver  offers  many  time-  and 
trouble-saving  features,  with  emphasis  on  reliability  and 
simplicity  of  operation  and  maintenance. 

This  compact  unit  permits  clear,  dependable  AM  voice 
reception  for  airport  control  towers  or  remote  unat¬ 
tended  stations.  Airlines  and  airport  owners  will  find  it  a 
valuable  means  of  safeguarding  their  vital  communica¬ 
tion  systems.  Eastern  Airlines  has  already  ordered  a 
quantity  of  these  units. 


Front  view,  showing  ponel  in  operating  position.  Hinged  ot 
the  bottom,  this  ponel,  when  open,  ollows  voltoge  measure¬ 
ments  and  inspection  of  all  components  to  be  mode  white 
set  is  operating,  without  removing  it  from  the  rock. 


Design  Feotures  of  the  FTR-139A 

1 .  Designed  for  compact  mounting  in  standard  19-inch  relay 
rack 

2.  Front  panel  is  hinged  at  bottom,  giving  unobstructed  ac¬ 
cess  to  wiritfg  for  checking  or  maintenance 

3.  Designed  for  expected  100  KC  channel  separation 

4.  Crystal-controlled  superhet  circuit  gives  high  performance 

5.  Either  heated  or  unheated  crystal  holder  can  be  used 

S,  Has  carrier-operated  noise-suppression  circuit  with  adjust¬ 
able  threshold  control 

7.  Includes  provision  for  remote  rf  gain  control 

8.  Amplified  AVC 


Rear  view,  showing  transformers  and  tubes  horizontolly 
mounted  on  back,  for  free  ventilation  and  ready  accessi¬ 
bility. 


DATA 

Power  Output . 

Max.  output.  1000  MW 

1  Frequency  Range . 108  to  132  Megacycles  I 

i  Power  Input 

1  70  Watts,  105-125  Volts,  50  to  60  Cydes  I 

1  Dimenaioos ,  . . 

.  19'  long  by  7*  high  by  9'  deep  1 

1  Write  todmy  toe  ooenpJete  informmtkm  mnd  per*  1 

iormmnoe  d»t». 
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This  illustration  shows  o  typical  response  curve 


Meet  the  Many  Requirements 
Demanded  of  an  All-Around  Good  Cartridge 


The  demands  placed  on  cartridges  are  varied  and  many,  depending  upmi 
the  tone  arm  and  equipment.  The  Wehster  Electric  Company  has  taken 
these  factors  into  consideration  ^hen  designing  and  manufacturing  the 
^lehster  Electric  Cartridge.  As  a  result,  you  can  select  a  cartridge  to 
meet  your  specific  requirements  with  respect  to: 


•  Weight 

•  Response  Characteristics 

•  Voltage  Output 

•  Dimensions  and  Mountings 

•  Type  of  Terminals 

•  Type  of  Ground 

•  Tracking  Pressures 

All  models  offer  exceptionally  uniform  response  over  the  desired  range  of 
•  frequencies,  with  low  distortion  and  minimum  needle  noise. 

Complete  tone  arm  assemblies  of  improved  design,  in  a  wide  selectimi  of 
models,  are  also  furnished  fwr  incorporating  in  new  equipment,  and  for 
the  replacement  market. 

For  full  information  write  Webster  Electric  Company,  Racine,  Wis, 


(Lictns*^  nndtr  ptHtnls  of  the  Brmsk  l>*wlopmtni  Comp^iny) 


WEBSTER 

RACI N  E 


ELECTRIC 

WISCONSIN 


Eat«blish«d  1909 

Impwl  Dapl.  13 1. 40*  SliMl,  Nmv  Vaik  (IS),  N.  Y.  C4M*  AMms  "AtLAS”  Nmt  Ywk  CUy 

Quality  Is  a  Rasponslblllty  and  Fair  Paallwi  an  Ohlliatlan** 


GERMAN  TECHNIQUES  (continued) 

at  a  critical  temperature.  For  high- 
frequency  or  low-voltage  circuits,  a 
thin  layer  of  polystyrene  was  depos¬ 
ited  between  the  selenium  and  a  low 
melting-point  alloy  used  as  second 
electrode.  About  50  times  the  cur¬ 
rent  of  other  units  was  obtained  by 
this  design.  By  cooling  in  liquid 
bath,  these  rectifiers  could  be  used 
at  50  times  their  rating.  High  di¬ 
electric  constant  and  magnetic  ce¬ 
ramic  materials  were  developed.  This 
report  also  describes  production  and 
molding  of  ceramics,  making  resis¬ 
tors  of  carbon  deposited  on  ceramic 
tubes,  production  of  steatite  and  high 
dielectric  materials  for  capacitors, 
the  manufacture  of  high-voltage  in¬ 
sulators  and  carbon  film  resistors, 
and  use  of  glass  as  a  binder  for  car¬ 
bon  resistors  (C-58:  21  p). 

Radar 


j 


I 


i 


Radar  calibrating  shells  of  various 
types  were  tested  by  the  Germans. 
Shells  loaded  with  dipoles  and 
equipped  with  time  fuses  to  explode 
the  shells  at  predetermined  ranges 
were  shot.  On  explosion  the  shell 
ejected  the  dipoles  which  served  as  a 
radar  target.  Aluminum  foil  dipoles 
were  unsatisfactory  because  they  did 
not  straighten  out  and  w^ere  torn  on 
ejection.  Wire  proved  satisfactory. 
Little  difference  Tvas  observed  be¬ 
tween  aluminum  and  iron  wires. 
(C-6:  5  p). 

Radar  test  equipment  for  30, 
10,  and  3-cm  bands  including  fre¬ 
quency  meters,  power  meters,  range 
calibrators,  and  phantom  targets 
followed  the  same  fundamentals 
and  designs  as  American  equipment. 
Extremely  stable  thermistors  with 
fast  reaction  time  were  manufac¬ 
tured  from  uranium  oxide  and 
Traganth  (C-8:  4p). 

Transmit-receive  boxes  followed 
two  general  designs.  A  glass  dough¬ 
nut  containing  water  vapor,  main¬ 
tained  by  an  internal  heater,  filled 
the  cross  section  between  two  coaxial 
tubes  of  a  cable.  The  other  form  con¬ 
sisted  of  plates  within  a  box  filled 
with  water  vapor.  The  wave  passed 
between  the  plates.  A  potential  point, 
200  volts,  introduced  into  the  box  ac¬ 
celerated  ionization  of  the  vapor 
(C-13:  1  p). 

Magnetic  cores  were  injection 
molded  from  mixtures  of  iron  and 
I  bakelite  for  cores  of  coils.  Had  cobalt 
I  been  available,  magnets  for  mag- 


204 


— ELECTRONICS 


For  many  years,  the  Schweitzer  Paper  Co. 
has  been  a  leader  in. the  manufacture  of 
thin  gauge  insulating  papers  for  capacitors, 
coils,  transformers,  and  other  equipment 
where  top  quality  and  performance 
are  so  necessary.  Your  requirements, 
regardless  of  how  exacting,  will  not  shock 
us  for  our  specialty  has  been  the  production 
of  thin  gauge  insulating  papers  ranging 
in  thickness  from  .0002"  to  .004" 
to  meet  the  most  stringent  requirements. 

I 

SCHWEIIZER  PAPER  CO 

182  Cornel ison  Ave.,  Jersey  City,  N.  J. 

Plants:  Jersey  City,  Mt.  Holly  Springs,  Pa. 

Kescarcli  Laboratories:  Chrysler  Bldg. 

New  York,  W.  Y. 
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Ideal  for  the  Accurate  measure¬ 
ment  of  AC  voltages  in  the  Audio, 
Supersonic,  Carrier  Current  and 
Television  ranges. 

Use  of  Logarithmic  voltage  scale  as¬ 
sures  uniform  accuracy  of  reading 
over  whole  scale  while  permitting 
range  switching  in  decade  steps. 

Each  Voltmeter  equipped  w4th  an 
output  jaek  so  that  the  instru¬ 
ments  can  be  used  as  a  high- 
gain  stable  amplifier. 

SPECIFICATIONS 

Mooaaoo 

RANGE— .001  to  100  volts. 

FREQUENCY— 10  to  150,000  cyclos. 
ACCURACY— 2%  at  any  point  on  scolo. 

'  AC  OPERATION— 110-120  voHs. 

MOOa  304 

RANGE— .bOI  to  100  voHs. 

FREQUENCY— 30  c.p.s.  to  5.5  mogocydos 
ACCURACY— 0.5  DB. 

AC  OPERATION— 110-120  volts. 

MODK  302 

RANGE— .001  to  100  volts 
FREQUENCY— 5  to  150,000  cyclos. 
ACCURACY— 2%  at  any  point  on  seal#. 

DC  OPERATION  ■soW-containod  bottorios 


Sooc/  for  BwRotiti  for  forlfior  dmtcHpHoit 


Modol  302 
BATTERY 
OPBtATB) 


I!1LI,1\T1.\H  UBOHATORIKS.  lAf. 

,  BOON-TON,  NEW  JERSEY,  U.  S.  A. 


GERMAN  TECHNIQUES  (continued) 

netrons  could  have  been  reduced  to 
half  their  size.  Mixing  with  ceramics 
to  stabilize  carbonyl  mixtures  with 
respect  to  time  and  temperature  did 
not  produce  an  improvement  com¬ 
parable  to  the  extra  effort  (C-38: 
1  p). 

Oscillators  having  wavelengths 
from  30  cm  down  used  a  triode  or 
magnetron  coupled  to  a  cavity.  Two 
plungers  provided  tuning;  a  large 
one  for  coarse  adjustment;  a  small 
one  for  fine  adjustment.  Wavelengths 
were  measured  using  a  Michelson  in¬ 
terferometer.  A  mirror,  about  40  cm 
square  and  with  a  200  mm  travel,  was 
used  for  the  movable  reflector.  Ac¬ 
curacy  was  estimated  to  be  2  x  10'‘ 
parts  in  one  (C-18:3  p). 

Cyclotrons  were  used  mostly  to 
prepare  tracer  materials  for  biologi¬ 
cal  research.  Some  of  the  tracers  so 
produced  were  radioactive  phos¬ 
phorus,  copper  and  bromine.  Bom¬ 
barded  bromine  was  used  as  tracer  in 
a  bromine  compound  intended  for 
uses  similar  to  those  of  penicillin 
(C-49:10  p). 

Quartz  crystals  were  growm  arti¬ 
ficially  by  many  experimenters  in  the 
development  of  improved  optical, 
piezoelectric,  and  electro-optic  prop¬ 
erties  (C-65:7  p). 

German  Ceramic  Secrets 

Methods  of  loading  cellulose  ace¬ 
tate  films  with  ceramic  powder  for 
use  as  capacitor  dielectrics,  a  special 
technique  for  making  extremely  thin 
ceramic  samples,  production  of  high- 
permittivity  ceramics,  and  other  de¬ 
velopments  at  Lutz  and  Co.,  Lauf- 
Pegnitz,  Germany,  are  described  in 
a  29-page  report,  PB-497,  available 
from  Office  of  the  Publication  Board, 
Department  of  Commerce,  Washing¬ 
ton  25,  D.  C.  at  $2.00  for  photostats 
and  $.50  for  microfilm. 

The  finished  elastic  plastic  film  re¬ 
portedly  has  a  dielectric  constant  of 
10.  Its  softening  temperature  is 
about  90  C.  Ceramic  samples  as  thin 
as  0.3  mm,  with  permittivity  values 
in  excess  of  100  and  as  high  as  2,000 
were  made  by  this  German  firm,  with 
titanium  oxide  reportedly  playing 
an  important  part.  Capacitor  micro¬ 
phones  with  an  element  consisting 
of  a  plate  of  high-permittivity  ce¬ 
ramic,  silvered  on  both  sides,  are 
claimed  to  have  greater  output  than 
normal  types  of  capacitor  micro¬ 
phones. 
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RESISTORS?. 


.  .  You  Said  It! 


;> ' 


^  We  who  live,  sleep  and  even  dream  plastics  molding,  maintain  the  most  profound  respect  for 

Resistorsl!  These  tricky  tantalizers,  by  reason  of  their  intricate  pattern  and  precise  specifications, 
begin  demonstrating  their  resiilance  powers  long  prior  to  enteri-g  service.  The  minute  they  leave  the 
drafting  boards  they  seem  to  say  .  .  .  'Double-dare  you  to  mold  us".  We  kriow  .  .  because  we  ^ 
mold  them  ...  all  ‘ypes  .  and  with  a  success  that  can  come  only  with  experience,  facilities  and  a 
thorough  understanding. 

For  the  Resistor  Spool,  shown  here.  Consolidated  also  engineered  ond  constructed,  in  its  own 
plant,  the  special  four-cavity,  semi-automatic  type  of  mold  required  for  ’he  part's  quantity  production. 
Although  this  achievement  illustrates  Consolidated  quality  at  work  for  others,  we  invite  the  opportunity 
to  apply  its  plastics  know-how  to  your  own  product.  Inauirles  invited* 


NEW  PRODUCTS 

Latest  developments  in  new  apparatus, 
components,  materials.  New  literature 


Facsimile  Equipment 

Finch  Telecommunications,  Inc., 
10  E.  40th  St.,  New  York  16,  N.  Y. 
New  facsimile  equipment  designed 
primarily  for  f-m  broadcasters  has 
just  been  announced.  Chief  among 
these  is  a  complete  studio  facsimile 
transmitter-monitor  system  (type 
FBC  147-A)  which  consists  of  two 
broadcast  facsimile  scanners,  each 
with  associated  monitor  receiver, 
power  units,  amplifiers  and  selective 
switching  arrangements  for  insur¬ 
ing  uninterrupted  transmission  for 
any  number  of  facsimile  pages. 

Provided  with  automatic  copy 


loading  and  ejection  it  also  includes 
a  receiver  operating  on  the  outgoing 
signal  of  the  unit  thus  making  it 
possible  to  observe  the  program. 
Two  complete  scanning  units  are 
supplied  with  control  console  to 
facilitate  an  uninterrupted  flow  of 
programs.  Switching  is  provided  to 
enable  the  operator  to  control  the 
installation  in  the  same  manner  as 
the  output  of  a  studio. 

The  single  facsimile  scanner 
shown  (type  FB-146-A)  is  sufficient 
for  limited  facsimile  broadcasting. 

Regulated  Output  Amplifier 

SCHUTTIG  AND  Co.,  Ninth  and  Kearny 
Sts.,  N.  E.,  Washington  17,  D.  C.  The 
Series  S139  amplifier  has  been  de¬ 
signed  for  use  in  airways  and  other 
voice  communications  circuits  to  pro¬ 


vide  automatic  noise  suppression  and 
level  control. 

Basically,  it  is  a  high  gain  push- 
pull  amplifier  with  two  additional 
features;  one  holds  the  rms  output 
level  to  within  1  db  with  input  level 
variations  as  great  as  40  db,  and  an¬ 
other  automatically  reduces  the  gain 
by  a  factor  of  up  to  22  db  during 
periods  of  circuit  idleness.  The  fre¬ 
quency  response  is  uniform  to  within 
1  db  over  a  range  of  100  to  4,000 
cycles,  and  for  a  condition  of  40  db 
compression  the  distortion  does  not 
exceed  3  percent.  The  output  level 
may  be  adjusted  to  regulate  at  any 
I)oint  within  the  range  of  —10  to 
4-10  db  and  the  noise  suppression 
circuits  may  be  adjusted  over  a  range 
of  0  to  —22  db.  There  are  no  sus¬ 
tained  transients  caused  by  abrupt 


input  level  changes,  full  automatic 
control  being  established  within  ap¬ 
proximately  two  voice  cycles  at  any 
frequency.  Hum  and  noise  level  are 
over  45  db  down  from  zero  level. 
This  equipment  is  available  for  use 
as  a  75  db  microphone  amplifier  or 
as  a  50  db  line  amplifier.  Physically, 
it  consists  of  a  vertical  panel  and 
chassis  combination  with  all  compon¬ 
ents,  controls  and  adjustments 
mounted  on  the  rear  of  the  chassis. 
The  panel  and  one  side  of  the  chassis 
may  be  removed  to  facilitate  servic¬ 
ing. 

Visual  Curve  Tracer 

Raymond  M.  Wilmotte,  Inc.,  236 
West  55th  St.,  New  York  19,  N.  Y. 
New  production  testing  equipment 
for  rapid  adjustment  of  i-f  coils  is 
now  available.  Unskilled  personnel 
can  accurately  adjust  overcoupled 
types  at  about  ten  per  minute  by 
means  of  a  cathode-ray  oscilloscope 


which  presents  at  the  same  time 
traces  of  upper  and  lower  limit 
standards  and  a  trace  resulting  from 
the  coil  under  adjustment.  The 
Visi-Limit  unit  can  be  operated  in 
the  range  85  kilocycles  to  11  mega¬ 
cycles  by  simple  replacement  of  the 
standard  oscillator  assembly.  It  is 
arranged  to  plug  into  any  normal 
commercial  oscilloscope  for  viewing 
and  can  be  rack-mounted  or  left  in 
its  cabinet  for  bench  use.  The  unit 
measures  21  x  lOi  x  14  inches  and 
weighs  35  pounds.  Price  of  the  basic 
unit  is  $475  fob  Washington,  D.  C., 
with  an  additional  charge  for  stand¬ 
ard  or  special  coil-testing  jigs  or 
additional  oscillator  assemblies. 

• 

Communications  Receiver 

The  Allen  D.  Cardwell  Mfg.  Corp., 
97  Whiting  St.,  Plainville,  Conn.  The 
model  CR-54  deluxe  communications 
receiver  gives  complete  coverage 
from  0.54  to  40  megacycles  in  six 
bands,  with  provision  for  replacing 
the  broadcast  band  by  a  40  to  54 
megacycle  range.  Power  output  to 
the  separate  speaker  is  8  watts  with 
less  than  5  percent  distortion.  Elec¬ 
trical  band  spread  is  provided  for  six 
amateur  bands.  Some  of  the  major 
features  which  make  the  receiver 
different  from  most  of  those  at  pres¬ 
ent  on  the  market  are  18  miniature 
tubes,  including  rectifiers,  a  second¬ 
ary  frequency  standard  (built-in  100 
and  1,000  kilocycle  calibrator),  tem¬ 


perature-compensated  oscillator,  new 
type  noise  limiter,  and  mechanical 
coupling  to  the  shafts  brought  out 
at  the  rear  for  linkage  to  other  units. 
An  unusually  high  signal-to-noise 
ratio  is  claimed  as  a  result  of  using 
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Power  Outputs  —  25,  40  or  70  watts 
Frequency  Range  —  30  to  44  megacycles 
Frequency  Modulation  —  deviation  1 5  kc  either  side 
of  center  frequency 


Characteristics  of  152*162  me  equip¬ 
ment  essentially  similau*.  For  further 
information  on  HAR-CAM  Trans¬ 
mitters  and  Receivers  write  for  Bul¬ 
letins  H-35  and  H-36. 


HARVEY  RADIO  LABORATORIES,  INC, 

439  CONCORD  AVENUE  •  CAMBRIDGE  38,  MASSACHUSETTS 


FM-AM  RECEIVER 

13  tube,  crystal  controlled  double  conversion  super¬ 
heterodyne 

Either  AM  or  FM  available  by  throwing  toggle  switch 
Frequency  Range:  30-44  megacycles 
Selectivity:  40  kc  off  resonance  (adjacent  channel) 
greater  than  60  db  down. 

Selectivity:  80  kc  off  resonance  greater  than  120  db 
down 

Image  response  greater  than  100  db  down 
FM  Quieting  Signal:  not  greater  than  .3  microvolts 
Greatly  improved  squelch  control  for  the  FM  receiver 
equally  effective  when  receiver  is  used  on  AM.  Squelch 
control  adjustable  from  .  1  microvolt  to  1  microvolt. 


RECEIVER  POWER  SUPPLIES 


1 


m3, 


m 


‘ijr'  'X 


A  few  of  the  many  important  construction  and  operat¬ 
ing  features  that  make  HAR-CAM  Emergency  Com¬ 
munications  Equipment  standards  of  quality  and  per¬ 
formance: 


FM  TRANSMITTERS 


TRANSMITTER  POWER  SUPPLIES 


HAR-CAM  POWER  SUPPLIES 


Either  AC  or  DC  operation  is  made  available  in¬ 
stantly  with  HARVEY’S  plug-in  type  power  sup¬ 
plies  like  those  shown  here.  No  other  electrical 
or  mechanical  changes  in  the  circuit  are  required. 


two  grounded-grid  radio-frequency 
amplifiers.  Necessary  beat-frequency 
oscillator  and  crystal  filter  have  been 
furnished  for  code  reception.  The 
self-contained  power  supply  operates 
on  105  to  125  volts,  60  cps,  and  con¬ 
sumes  120  watts. 

Small  Oscilloscope 

Waterman  Prowjcts  Co.,  Inc,  Phil¬ 
adelphia,  Pa.  The  Pocketscope  is  a 
compact  cathode-ray  oscilloscope, 
complete  with  amplifiers,  employing 
a  2-inch  cathode  ray  tube.  All  other 
tubes  are  miniature  types.  A  double- 
triode  multivibrator  produces  a  sub¬ 
stantially  linear  trace  from  10  cps  to 
50  kc.  Amplifier  response  is  within 
0  to  minus  2  db  from  20  cps  to  100  kc 


and  within  minus  6  db  to  200  kc. 
With  maximum  gain,  vertical  and 
horizontal  deflection  sensitivities  of 
about  0.1  volt  rms  per  inch  are  ob¬ 
tained.  Input  resistance  is  0.5 
megohms  and  shunt  capacitance  is 
36  microfarads.  The  self-contained 
power  supply  operates  on  105  to 
125  volts,  50  to  60  cps  with  a  jwwer 
consumption  of  23  watts  under  nor¬ 
mal  operating  conditions.  The  unit 
-  measures  61  x  31  x  10  inches  and 
weighs  only  5i  pounds. 

Resistor  Limit  Bridge 

Associated  Research,  Inc,  231  S. 
Green  St.,  Chicago  7,  IlL,  has  an¬ 
nounced  production  of  the  Model 
81- A  bridge  for  the  accurate,  rapid 
testing  of  large  quantities  of  resis¬ 
tors  or  other  devices  having  an  ohmic 
resistance.  Limits  are  set  up  by  a 
supervisor  before  a  production  run 
and  the  components  are  accepted  or 
discarded  on  the  basis  of  a  simple 
meter  reading.  The  device  is  com¬ 
pletely  self-contained,  powered  by 


three  No.  6  dry  cells.  Resistance 
from  a  fraction  of  an  ohm  up  to  20,- 
000  ohms  can  be  checked  to  toler¬ 
ances  of  from  plus  or  minus  1  per¬ 
cent  to  plus  or  minus  20  percent.  An 
external  battery  can  be  connected  if 
greater  sensitivity  is  desired. 

Photoelectric  Lighting 
Control 

Fisher-Pierce  Company,  82  Ceylon 
St.,  Boston  21,  Mass.,  has  developed 
a  photoelectric  unit  for  individual 
control  of  multiple  street  lighting 
systems  and  similar  purposes  which 
operates  on  low  voltages  (105  to  130 
volts)  and  can  control  up  to  500 
watts  of  lamp  load  (a  capacity  of 
30  amperes  can  be  provided  on  pro¬ 
duction  quanity  orders).  The  new’ 
control  unit  permits  individual  street 
lights  to  be  connected,  through  it, 
directly  to  the  120-volt  distribution 
line.  It  can  be  set  to  turn  on  the 
light  when  north  sky  illumination 
is  reduced  to  any  preset  value  be¬ 
tween  i  and  6  foot-candles,  and  to 
turn  off  the  light  when  the  illumina¬ 
tion  intensity  reaches  2  foot-candles 
above  the  tum-on  point.  A  time  de¬ 


lay  of  15  seconds  is  incorporated  in 
the  circuit  to  prevent  operation  of 
the  unit  by  temporary  brightness 
from  lightning  or  passing  lights, 


and  provision  is  made  whereby  the 
light  stays  turned  on  in  the  event 
'of  any  functional  failure  of  the  unit. 
The  control  consumes  6  to  7  watts 
of  current,  is  4^  inches  in  diameter 
by  lOi  inches  high,  and  has  a  brac¬ 
ket  for  mounting  directly  to  the 
distribution  pole. 

Power-factor  Corrector 

Tore  Deutschmann  Corp.,  Canton, 
Mass.  A  new  pwwer-factor  correction 
block  providing  up  to  2  kva  at  230 
volts,  50  to  60  cycles,  is  constructed 
of  10  ft/if  center- tapped  units  bolted 
into  rigid  steel  housing.  Accurate 
load  balancing  can  be  obtained  by 
disconnecting  individual  sections, 
and  the  assembly  as  a  whole  may  be 


connected  for  either  single-phase  or 
three-phase  operation.  The  capaci¬ 
tor  sections,  which  are  impregnated 
with  mineral  oil  and  hermetically 
sealed  in  oil-filled  metal  cases,  show 
little  drift  through  w’ide  ranges  of 
temperature,  and  are  said  to  be  cap¬ 
able  of  continuous  operation  at  tem¬ 
peratures  ranging  as  high  as  75  C. 
Overall  dimensions  of  the  unit  are 
9i  X  61  X  14  inches. 

Frequency  Calibrator 

Browning  Laboratories,  Inc.,  742 
Main  St.,  Winchester,  Mass.,  has  re¬ 
cently  developed  a  frequency  cali¬ 
brator,  Model  RH-10  which  dei>ends 
upon  the  transmissions  from  the 
National  Bureau  of  Standards  radio 
station  WWW.  The  equipment  is 
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complete  information  on  what  For- 
mex  can  mean  in  savings  to  you, 
call  in  your  local  G-E  representa¬ 
tive  or  write  for  Bulletin  GEA- 
3911.  Apparatus  Dept.,  General 
Electric  Co.,  Schenectady  S,  N.  Y. 


Many  design  improvements  that 
depend  on  the  size,  shape,  and  con¬ 
struction  of  coil  windings  are  made 
practical  by  the  unusual  qualities 
of  Formex  magnet  wire. 

Replacing  fibrous-covered  wire, 
Formex  puts  more  turns  and  more 
copp)er  in  a  given  coil  cross-section 
area,  particularly  if  square  or 
rectangular  Formex  wire  is  used. 
Coil  shapes  requiring  “acute-angle” 
bends  and  other  severe  distortion 
of  the  wire  can  be  adopted  with 
reduced  insulation  failure. 

In  production,  too,  you  can  go  to 
higher  winding  speeds  without  in¬ 
creasing  rejects.  Time-saving  step>s 
in  coil  assembly  that  you  wouldn’t 
dare  to  use  with  ordinary  magnet 
wire  become  practical  b^ause  of 
the  toughness  of  the  insulation  on 
Formex  wire. 

FIRST  COST  IS  LOW 

In  most  sizes,  Formex  magnet 
wire  brings  you  these  extra  design 
and  production  advantages  at  lower 
first  cost  than  fibrous- covered  wire, 
and  only  slightly  more  than  plain 
enameled  wire. 

Ordering  G-E  Formex  magnet 
wire  is  the  first  step  toward  faster 
winding  of  better,  more  uniform 
coils,  and  long  apparatus  life.  For 


Why  Formex  m^net  wire  stands  up 

Enlarged  photograph  showing  the  ab¬ 
sence  of  cracks  in  the  insulation  of  For- 
mex  magnet  wire  stretched  20  per  cent, 
then  wound  upon  its  own  diameter.  This 
tough  w'ire  may  be  hammered  flat  with¬ 
out  damage  to  insulation,  and  shows  no 
shelf  or  heat  aging  to  lower  the  insula¬ 
tion’s  initial  dielectric  strength.  Meas¬ 
ured  on  the  repeated  scrape  abrasion 
tester,  Formex  is  30  times  as  resistant  to 
abrasion  as  conventional  enameled  wire. 


Formex  wre 
b  ovailabie  Hvoughout  the  entire 
standard  range  of  wire  sizes 
with  single  (F)  and  heovy  (HF) 
insulation.  Triple  Formex  (TF)  b 
ovailabie  in  sizes  from  25  AWG 
to  40  AWG,  and  quadruple 
Formex  (QF)  in  sizes  from  8  AWG 
to  34  AWG. 

BoDlMf  Formex.  Round  Formex  wire 
b  supplied  in  aR  the  standard  sizes 
from  8  AWG  through  40  AWG, 
and  in  Ultraflne  sizes  from  41 
AWG  through  44  AWG,  and  in 
diameters  of  0.00175  inch,  0.00125 
inch,  and  0.100  inch. 

•e<tan9ufix  and  Sqaon  formex. 
These  two  types  of  Formex  wire 
possess  alt  the  desirable  charac- 
terbtics  of  round  Formex,  such  as 
winding  space  factor,  toughrtess, 
flexibility  and  reshtaisce  to  abra¬ 
sion,  mobture  and  shock.  It  b  avail¬ 
able  in  a  wide  range  of  narrowly 
separated  sizes,  from  100  mils 
wide  and  0.025  ir>ch  thick  (3.50 
ohms  per  M  ft)  to  284  mils  wide, 
0.180  inch  thick  (0.168  ohm  per 
M  ft). 


This  enlarged  photograph  shows  enam¬ 
eled  magnet  wire  stretched  10  per  cent — 
half  as  much  as  the  Formex  wire  in  the 
top  illustration — and  wound  upon  twice 
its  own  diameter.  Note  the  cracks  in  the 
insulation,  the  absence  of  cracks  in  the 
Formex  wire. 


•  Another  G-E  Achievement  Resulting  from 

^^Full»range^^  Reseorch  An  example  of  G-E  full-range  re¬ 
search  in  action  is  the  development  of  Formex  magnet  wire.  Realizing 
that  no  major  improvement  in  enameled  magnet  wire  was  probable 
as  long  as  drying  oils  were  a  principal  ingredient,  G-E  research 
turned  to  resins.  G-E  laboratories  developed  the  first  polyvinyl¬ 
acetate  resin  ever  to  be  applied  as  an  insulation  for  magnet  wire;  an 
insulation  greatly  superior,  in  most  important  (diaracteristics,  to  any 
enamel.  Full-scale  production  techniques  were  developed  by  G-E 
production  engineers.  The  result  is  G-E  Formex  magnet  wire;  more 
compact  than  fibrous-covered  enameled  wire,  more  “windable,” 
and  so  non-hygroscopic  that  no  further  moisture-resistant  treatment 
is  required. 
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pretuned  for  5  and  10  megacycles, 
either  of  which  may  be  selected. 
Provisions  are  made  for  coupling 
secondary  standards  or  other  r-f 
sources  and  comparing  their  funda¬ 
mentals  or  harmonics  with  the  stand¬ 
ard  frequencies  transmitted  by 
WWV.  A  cathode-ray  indicator  per¬ 
mits  frequency  comparisons  to  be 
made  to  at  least  0.1  cycle.  A  dual 
filter  allows  the  selection  of  either 
the  440  or  4,000  cycle  modulation. 
This  allows  these  audio  frequencies 
to  be  employed  as  a  primary  stand¬ 
ard. 

Sensitivity  of  the  RH-10  is  better 
than  0.5  microvolt  and  the  image- 
rejection  ratio  is  more  than  50  db. 
The  unit  is  supplied  in  a  cabinet  as 
shown  or  rack  mounting  with  dust 
cover.  Dimensions  are  9  x  19  x  11 
inches  and  the  weight  is  30  pounds. 


Dielectric  Plastic  Preheater 

General  Electric  Company,  Sche¬ 
nectady,  N.  Y.,  announces  a  new  di¬ 
electric  preheater  developed  princi¬ 
pally  for  plastic  preforms,  which  is 
designed  to  operate  at  40  megacycles. 
The  unit  makes  use  of  a  water-cooled 
oscillator  tube  with  a  short-time 
overload  capacity,  which  permits  the 
use  of  an  average  full-power  5-kilo¬ 


watt  output  during  the  entire  heat¬ 
ing  cycle  and  thus  speeds  up  the  pre¬ 
heating  operation  without  the  use  of 
complex  control  equipment.  Opera¬ 
tion  of  the  heater  is  largely  auto¬ 
matic,  and  to  prevent  tampering,  all 
controls  except  the  pushbutton 
starter  are  located  behind  a  locked 
front  panel:  The  plastic  preforms 
are  placed  on  the  electrode  of  the 
heater,  the  cover  is  closed,  and  the 
preheat  cycle  is  started.  The  rest  of 
the  operation  is  entirely  automatic. 


and  the  oven  cover  opens  auto¬ 
matically  at  the  end  of  the  heating 
cycle. 

Antenna  Switchover 

Leach  Relay  Co.,  Los  Angeles, 
Calif,  announces  the  models  1723  and 
1723-S9  a-c  operated  and  the  1623 
and  1623-S9  d-c  operated  relays 
which  are  particularly  designed  for 
high-frequency  switching  operations 


such  as  antenna  changeover.  The  con¬ 
tacts  and  contact  arms  contain  no 
loops,  are  insulated  with  Mycalex  and 
Isolantite.  The  S9  types  include  a 
spst  auxiliary  contact  for  signal  or 
other  purposes.  The  spacing  limita¬ 
tions  often  experienced  with  this 
type  of  relay  are  overcome  by  using 
two  units,  one  in  each  feeder  line  as 
illustrated. 

Vibrator  Replacement 
Converter 

Ohio  Tool  Co.,  Cleveland  11,  Ohio. 
The  Dynectron  rotary  converter  is, 
in  effect,  a  small  electric  motor  oper¬ 
ating  a  sealed  mercury  contactor 
which  interrupts  current  in  a  man¬ 
ner  claimed  to  be  superior  to  that 
of  the  conventional  vibrator.  Ex¬ 
tremely  long  life  is  guaranteed.  List 
price  of  the  plug-in  unit  is  $6.15. 

Electronic  Safety  Switch 

United  Cinephone  Corp.,  13  New 
Litchfield  St.,  Torrington,  Conn. 
Pressureless  limit  switching  and 
fioatless  control  of  liquid  levels  is 
possible  with  a  new  electronic  switch 
model  8336.  It  can  be  operated 
safely  in  the  presence  of  explosive 
gases.  A  glass-enclosed  plunger- 
type  mercury  relay,  rated  at  30 
amperes,  is  energized  from  a  2050 
thyratron.  Operation  is  controlled 
by  a  voltage  applied  to  the  grid  of 
the  thyratron  tube.  The  control  cir¬ 
cuit  current  is  limited  to  a  few 


microamperes  by  the  high  grid-cir¬ 
cuit  resistance.  Controlling  is  ac¬ 
complished  through  switching  of 
precision  or  delicate  contacts  or  by 
conduction  through  a  conductive 
medium  such  as  water,  acid  or  salt 
solution.  The  minute  current  used 
in  the  input  circuit  prevents  arcing 
and  welding  of  operating  contacts. 
Input  circuit  can  be  modified  to  oper¬ 
ate  from  control  voltages  developed 
in  a  Wheatstone  bridge  or  special 
apparatus. 

The  glass-enclosed  thermal  time- 
delay  unit  prevents  injury  to  the 
thyratron  if  it  is  operated  before 
normal  temperature  is  reached.  A 
mercury-type  relay  reduces  mainte¬ 
nance  to  a  minimum. 


Wind  Velocity  Indicator 

SCHUTTIG  AND  Co.,  Ninth  and  Kearny 
Sts.,  N.  E.,  Washington  17,  D.  C.  The 
Type  SI  16 A  electronic  anemometer 
responds  to  velocities  of  less  than  one 
mile  an  hour  and  gives  accurate  in¬ 
dication  of  velocities  up  to  100  miles 
an  hour. 

Basically,  the  circuits  consist  of  an 
accurate  audio-frequency  meter 
which  measures  the  frequency  of 
audio  pulses  generated  in  the  ane¬ 
mometer  head  by  interrupting  a 
light  beam  with  a  rotating  perfor¬ 
ated  disc.  The  mechanical  system  is 
practically  frictionless,  and  the  elec¬ 
tronic  tubes  used  in  the  head  are  of 
the  filamentless  type,  thus  minimiz¬ 
ing  maintenance  problems.  Exten¬ 
sive  tests  have  shown  that  the  per¬ 
formance  and  reliability  are  unaf¬ 
fected  by  adverse  weather  conditions. 
Recordings  may  be  taken  by  merely 
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MAXIMUM  CLAMPING  POWER 
CUTS  LEAKS . . .  LOSSES . . .  REPLACEMENTS 


For  maximum  clamping  power  on  hose  lines 
where  you  want  to  cut  leaks . . .  reduce  losses 
. . .  and  eliminate  costly  replacements— specify 
Diamond  G  Hose  Clamps.  For  connections  in 
automotive,  pneumatic,  hydraulic,  electric, 
marine,  railway,  and  other  applications,  they 
are  the  economy  clamp  for  every  industrial  use. 

Diamond  G  Hose  Clamps  have,  been  de¬ 
signed,  developed,  and  proved  in  service  to 
be  the  ideal  clamp  where  low  cost  and  high 
operating  efficiency  are  the  key  factors. 


Each  and  every  Diamond  G  Hose  Clamp  is 
rust  proof  for  protection  and  long  life  under 
all  operating  conditions.  The  "captive**  nut, 
guarded  by  sturdy  flanges,  assures  a  positive 
tight  grip.  Heavy  duty  reinforced  shoulders, 
plus  powerful  spring  action  provide  uniform 
pressure  and  grip  around  the  circumference. 
•  Whatever  your  need  in  hose  clamps.  Dia¬ 
mond  G  has  the  answer  for  you.  A  complete 
range  of  sizes  for  delivery  of  air,  water,  gaso¬ 
line,  oil,  and  chemical.  For  full  details  write— 


GEORGE  K.  GARRETT  CO.,  INC 

1421  CHESTNUT  STREET,  PHILADELPHIA  2,  PA. 

MANUFACTURERS  OF 


DIAMOND 


LOCK  WASHERS  •  •  FLAT  WASHERS  •  •  STAMPINGS  •  •  SPRINGS  •  •  HOSE  CLAMPS  •  •  SNAP  AND  RETAINER  RINGS 
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connecting  a  standard  5  ma  d-c  Es- 
terline-Angus  recorder.  The  ane¬ 
mometer  may  be  located  at  a  point 
distant  from  the  electronic  measur¬ 
ing  circuits  and  its  output  energy 
fed  to  one  or  several  indicating  in¬ 
struments  through  wire  lines.  Be¬ 
cause  of  the  low  mechanical  inertia, 
it  responds  quickly  to  gusts  and  lo¬ 
calized  air  disturbances.  Also,  sev¬ 
eral  anemometers  may  be  connected 
through  a  selective  switch  to  a  com¬ 
mon  indicator  so  as  to  provide  a  local 
area  velocity  pattern  for  airport 
traffic  control  work. 
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PANEL  INSTRUMENTS 


The  heart  of  every  Burlington  Instrument 
and  the  reason  for  its  high  degree  of  depend 
ability  —  is  the  Burlington  Precision  Move 


ment. 


Design,  material,  and  manufacturing  proc 
esses  are  selected  in  such  a  manner  that 


Burlington  gives  you  a  rugged  instrument  — 
which  may  be  subjected  to  rough  usage  —  and 
still  retain  its  original  calibration  characteristics.  All  DC  instru¬ 
ments  employ  Alnico  magnets  which  are  known  to  be  more  highly 
resistant  to  shock,  heat,  vibration,  and  stray  fields  than  any  other 
.magnetic  material. 

All  ranges  AC  &  DC  are  available  in 
both  square  and  round,  flush  mounting. 

Engineering  Service  Furnished  for  Specialized 
AppUcations,  No  Obligtuion,  Write  Today  for 
Further  Information, 

BURLINGTON  INSTRUMENT  CO, 

ill  FOURTH  STREFT  BUftllNGTON,  IOWA 


'  X.  c 


PANEL  INSTRUMENTS  •  VOLTAGE  REG 
ULATORS  •  AUTOMATIC  SYNCHRO¬ 
NIZERS  •  FREQUENCY  REGULATORS 


Motor  Starting  Capacitors 

Cornell-Dubilier  Electric  Corp., 
South  Plainfield,  N.  J.,  announces  the 
Type  ETW  a-c  electrolytic  motor 


starting  capacitor  which  is  designed 
for  mounting  in  a  clip-type  bracket. 
The  capacitor  is  enclosed  in  a  plastic- 
case.  Capacitance  range  is  25  to  450 
microfarads. 


Magnetic  Control  Tube 

General  Electric  Co.,  Schenectady, 
N.  Y.  A  new  magnetically-controlled 
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You  can  get  FIBERGLAS  advantages 
laminated  plastics  parts 


wide  use  for  radio  and  electronic  applications. 

If  the  products  you  are  designing  or  manufac¬ 
turing  require  a  material  with  high  dielectric 
strength,  dimensional  stability,  moisture  and 
temperature  resistance  and/or  adequate  mechan¬ 
ical  strength  for  high-frequency,  low-clectrical- 
loss  parts — investigate  Fiberglas-base  laminates. 

Most  manufacturers  of  laminates  make  one 
or  more  types  of  Fiberglas-base  products.  If 
your  supplier  can’t  furnish  the  type  you 
need,  write — Owens-Coming  Fibcrglas  Corp., 
Dept.  860,  Toledo  1,  Ohio.  Branch  Offices  in 
Principal  Cities. 

In  Canada;  Fihtrglas  Canada  lad.,  O  show  a,  Ontario 


Fiberglas-base  laminates  afford  many  advan¬ 
tages  and  a  unique  combination  of  characteris¬ 
tics.  Made  with  many  different  kinds  of  resins, 
laminates  with  Fiberglas  Cloth  or  Fiberglas  Mat 
as  a  base  are  used  to  solve  a  wide  range  of 
electrical  and  mechanical  problems. 

The  finished  materials — available  in  sheet 
form,  in  rods  or  tubes,  or  molded  or  shaped 
into  special  forms — are  used  in  motors 
and  generators  as  slot  sticks,  armature  or 
stator  end  laminations,  as  brush  holders, 
spacer  blocks,  in  dry-type  transformers,  etc.  The 
low-electrical-loss  properties  of  several  types  of 
Fiberglas-base  laminates  have  led  to  their 
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When  is  a  B-L  Rectifier 


NOT  0  Rectifier? 


it’s  0 

SPARK  SUPPRESSORI 


Aircraft  Servo  Motor 
manufactured  by  the 
White'Rodgers  Electric 
Company,  Sl  Louis.  A 
compact  B'L  Selenium 
Rectifier  across  the  rafv 
idly  operating  relay 
contacts  provides  an 
importantsafeguard  for 
fnlot  and  plane  by  elimr 
inating  arcing  and 
its  resultant  radio  inter¬ 
ference. 


Unusual  resistance-voltage  characteristics  make 
B-L  Metallic  Rectifiers  ideal  for  overcoming 


•  tAFID  WIAR  OP  CONTACTS 

•  RAMO  AND  TILiFHONI  INTOIFDIENCE 

•  DAMAGING  OSaiLATORY  SURGES 
G  CORROSIVE  OXIDATION 

The  above  example  is  only  one  of  many  applica¬ 
tions  where  the  unique  characteristics  of  B-L 
Metallic  Rectifiers  have  offered  an  ideal  solution 
to  an  unusual  problem. 

Whether  similar  or  entirely  different  problems 
confront  you  in  the  performance  or  operation  of 
electrical  and  electronic  equipment  it  will  pay  to 
investigate  the  ability  of  B-L  Rectifiers  to  meet 
your  needs. 

Unusual  electrical  characteristics  plus  long  life 
and  compact  construction  make  B-L  Rectifiers 
ideal  for  many  applications  not  ordinarily  associ¬ 
ated  with  their  name. 


SiLENIUM 


COPPER 

SULPHIDE 


THE  BENWOOD-LINZE  COMPANY 

IMS  lOCUST  SnST  ST.  lOMS  3,  SKX 

Long  Distonc*  Tolophon*  CEnIral  5830 

Designers  and  Manufacturers  of  Selenium  and  Copper  Sulphide 
Metallic  Rectifiers,  Battery  Chargers  and  DC  Power  Supplies 
for  practically  every  requirement. 


diode  tube,  type  2B23  has  been  de¬ 
signed  to  supplement  the  advantages 
available  with  conventional  grid- 
control  tubes  in  d-c  amplifier  applica¬ 
tions.  Low-voltage  high-current  or 
high-voltage  low-current  circuits  can 
be  used  for  the  control,  depending 
upon  the  proper  choice  of  the  control 
solenoid.  When  used  as  an  electronic 
switch,  the  tube  has  a  d-c  plate  volt¬ 
age  of  150  volts  and  a  plate  current 
operating  range  of  30  milliamperes. 

Remote  Cutoff  Pentode 

Sylvania  Electric  Products  Inc., 
500  Fifth  Ave.,  New  York  18,  N.  Y. 
A  new  semiremote  cutoff  pentode 
amplifier  has  been  designed  for  use 
in  portable  receivers  in  which  the 


plate  supply  voltage  may  drop  as  low 
as  45  volts.  The  type  1LG5  is  better 
suited  for  avc  circuits,  for  instance, 
than  the  type  1LC5.  Typical  opera¬ 
tion  with  d-c  filament  voltage  of  1.4 
volts  and  filament  current  of  0.05  am¬ 
pere  at  a  plate  voltage  of  45  shows  a 
plate  current  of  1.5  milliamperes, 
screen  current  of  0.45  milliampere 
and  mutual  conductance  of  800  mi¬ 
cromhos.  Plate  resistance  under  these 
conditions  is  approximately  0.35 
megohm. 

Marine  Radar 

Westinghouse  Electric  Corp.,  Box 
868,  Pittsburgh,  Pa.  Marine  radar 
for  pilotage  and  collision  protection 
operable  from  100  yards  to  32  miles 
has  just  been  announced. 

Provided  with  a  plan  position  indi¬ 
cator  scope,  the  equipment  has  range 
scales  of  2,  8,  and  32  nautical  miles. 
Range  discrimination  is  sufficient  to 
indicate  as  separate  targets  any  two 
objects  lying  on  the  same  bearing  but 
differing  in  range  by  100  yards  or 
more.  General  performance  will 
show  high  coast  lines  at  the  maxi- 
1  mum  range  of  32  miles,  cargo  vessels 
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DUREZ 
PHENOLIC 
PLASTICS. •• 

INSIDE  AND  OUT 


OH  SOiCSN  tisms  i 


PLASTICS  THAT  PIT  THE  JOB 


Style  and  performance  make  this  new 
Zenith  radio.  Hie  wide  traverse  dial 
and  the  excellent,  rich  tone  quality 
that  make  this  1946  model  outstand¬ 
ing  are  recent  developments  of  Zenith 
engineers. 

Durez  phenolic  plastics  permit  its  at* 
tractive  cabinet  design... contribute  to 
its  physical  and  electrical  qualities. 


Why  Plastics? 

In  addition  to... and  more  important 
than... the  tuning  knobs  and  cabinets 
which  are  quite  often  molded  of  plas* 
tics,  are  the  vital  but  "hidden"  opera* 
ting  parts  of  radios. 

These  unseen  items  make  the  differ* 
ence  between  good  and  bad  perform¬ 
ance.  Many  of  them  are  constructed 
in  whole  or  in  part  of  plastics  because 
plastics  are  better  suited  for  these  im* 


Why  Phenolic  Plastics? 

Excellent  moldability,  heat  resistance, 
diversity  of  finish,  moisture  resistance, 
good  dielectric  properties... all  are  in¬ 
herent  characteristics  of  phenolic  plas¬ 
tics.  Add  to  these  their  practicability 
for  economical  mass  production,  their 
long-wearing,  non-warping  qualities, 
and  you  have  the  ideal  material  for  the 
radio  field,  where  versatility  is  the 
prime  requisite. 


neer  wisely  on  all  phases  of  the  molded 
phenolic  picture. 

Add  to  this  rich  background  the  more 
than  300  Durez  phenolic  molding  com¬ 
pounds  . . .  each  carefully  developed  for 
a  specific  purpose...  and  you  can  readily 
understand  why  custom  molders  and 
radio  manufacturers  everywhere  look 
to  Durez  for  the  plastics  which  fit 
their  jobs. 


Experienced  Assistance 
Available 

Any  aid  which  the  Durez  staff  can  give 
towards  solving  your  plastic  material 
problems  is  available  to  you  and  your 
custom  molder  for  the  asking.  Durez 
Plastics  &  Chemicals,  Inc.,  87  Walck 
Road,  North  Tonawanda,  N.Y.  Export 
Agents :  Omni  Products  Corporation.  40  East 
34tb  SK  ^ew  york.  IN.  y 


portant  jobs  than  any  other  material. 


Why  Durez  Phenolic  Plastics? 


As  specialists  in  the  production  of 
these  most  *  versatile  -  of  -  all  -  plastics, 
Durez  technicians,  backed  by  more 
than  a  quarter  century’s  successful 
product  development  experience,  are 
equipped  to  counsel  the  design  engi* 
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eral  developments  including  metal- 
clad  construction  and  moisture 
proofing.  Output  of  the  normal 
hearing  aid  equipment  can  be  in¬ 
creased  by  the  sensitivity  of  the  new 
microphone. 

Terminal  Mounting  Strip 

Yates  Engineering  Services,  Two 
Hampton  Road,  Cranford,  N.  J.  A 
new  type  of  component  mounting 
strip  providing  good  electrical  char¬ 
acteristics  and  mechanical  strength 
has  been  developed  for  either  pro¬ 
duction  assembly  or  replacement  use. 
Mounting  strips  can  be  had  in  glass, 
ceramics  and  rubbers  in  addition  to 
the  laminated  plastic  board  shown. 
With  this  choice  of  insulations  these 
component  terminal  strips  are  adapt¬ 
able  to  most  types  of  r-f  circuit 
assembly  as  well  as  audio,  power  sup¬ 
ply  or  industrial  electronic  applica¬ 
tion.  Strips  come  in  various  stand- 


tAc  frie^ 


ILFORD  f^C 
CATALOG 


burs  for  the  asking 


Revised  and  \completely  up-to-date  data  on  types,  sixes« 
^'nmaterials  and  prices  of  Milford  semi-tubular,  deep  straight 
i  iiote>  split,  and  cdmpression  rivets. 

S£C  eSpiECIALLY  PAGES  II  to  15 

for  ditaiied  descripHoo  of  characteristics  of  all  types  of  Milford 
IKvets;  where,  how  and  why  they  save  time  and  money.  Indis- 
pensaide  information  for  designers,  engineers,  purchasing  agents 
and  all  executives  concerned  vdth  production  and  especially 
dems. 

al  copy,  i^ase  write  directly  to  the  Milford, 


Hearing-aid  Microphone 

Tibbetts  Industries,  Inc.,  Camden, 
Maine.  First  of  a  new  line  of  piezo¬ 
electric  devices  to  be  manufactured 
by  this  company  is  a  crystal  hearing- 
aid  microphone  which  comprises  sev- 


at  a  range  of  from  12  to  15  miles,  and 
standard  buoys  at  a  range  of  ap¬ 
proximately  3  to  4  miles. 

Operation  is  from  115-volt,  single¬ 
phase,  60-cycle  power  with  a  voltage 
regulation  of  plus  or  minus  5  volts, 
and  a  frequency  stability  of  plus  or 
minus  2  cycles.  Not  more  than  1,000 
watts  of  alternating  current  at  85 
percent  power  factor  are  required. 
Peak  power  output  is  over  15  kw  at 
a  repetition  rate  of  2,000  cycles  per 
second.  Operating  frequency  is 
9,320-9,430  me. 


the  MILFORD  RIVET  &  MACHINE  CO. 

859  Bridgeport  Ave.  1002  West  River  St. 

MILFORD,  CONN.  ELYRIA,  OHIO 


fnqwirws  may  also  b*  oddmfd  fo  our  subsidiary: 

THE  PENN  RIVET  &  AAACHINE  CO.,  PHIUDaPHIA  33.  PENNA. 

Dasigwsfi  and  Manufatturors  of:  SPECIAL  COLD-HEADED  PARTS;  SPLIT,  SEMI-TUBULAR  AND  D»- 
ORIUEO  RIVETS;  RIVET-SEHING  MACHINES:  SPECIAL  MACHINE  SCREWS  AND. SCREW  MACHINE  PARTS; 
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HIGH  VOLTAGE,  LOW  POWER  RECTIFIER 

Type  1Z2  is  a  small  bulb  high  voltage  rectifier  tube  suitable  for 
television  receivers.  Its  low  filament  heating  power,  low  capacitance 
and  low  dielectric  loss  simplif/  the  design  of  R.  F.  power  supplies. 

Two  tubes  in  a  voltage  doubler  circuit  will  supply  2  MA.  D.  C.  at 
20,000  volts. 

Rating;  Inverse  Peak  Voltage — 20,000  volts;  Filarnent  Voltage — 2  volts;  Peak  Anode 
Current,  Max. — 10  MA;  D.  C.  Load,  Max. — 2  MA;  Bulb — Long  Miniature  long. 


tubes  may 


of  these  Cha^m 


MENUM  POWER  RECTIFIERS 

Operating  in  a  full  wave  rectifier  circuit  either  of  these  types  wil! 
deliver  an  output  of  5  amps  at  3200  volts.  The  type  3B28  may  be 
mounted  in  any  position,  will  operate  satisfactorily  throughout  on 
ambient  temperature  range  of  — to  +90*'C,  and  does  not 
require  blowers,  heaters  or  controls  to  regulate  the  bulb  temper¬ 
ature.  Both  types  feature  very  rugged  construction. 


rite  for  the  new  Chatham  Ccrtalog! 


ice  life  and  incorporate  special  mechanical  ticular  advantage  in  relay  stations,  unat* 
features  that  recommend  them  for  use  tended  transmitters  and  receivers,  etc. 

“i"  CHATHAM  ELECTRONICS  if 

^  signs,  develops  and  manufactures  special* 

Also  included  are  grid  controlled  recti*  purpose  tubes  to  meet  customer's  spedfi* 
fiers  and  inert  gas  rectifiers.  Several  of  cation.  Inquiries  regarding  this  service 
the  latter  operate  under  unusual  extremes  are  invited.  Catalog  will  be  sent  on  re* 
of  ambient  temperature  and  offer  par*  quest  without  obligation. 


The  new  CHATHAM  catalog — ^just  off 
the  press— contains  technical  uta  on  all 
CHATHAM  rectifiers  now  available  for 
prompt  delivery  from  stock.  All  tubes 
listed  are  ruggedly  designed  for  long  serv* 
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LABORATORIES  INC. 

AILYN  ST  .  HARTFORD  3  CONN  PHONE  7-3215 


TRAOC  MANK  MS.  tt.  •.  PAT. 


SPECIALISTS  IN 
SPECIAL  CRYSTALS 


ard  and  in  special  lengths  and  widths 
for  any  desired  grouping  of  compo¬ 
nents.  No  spacer  posts  or  standoffs 
are  required  for  direct  mounting  on 
a  metal  chassis.  For  subassembly 
production  tube  socket  terminals  can 
be  brought  through  the  base  plate 
of  the  strip  for  direct  wiring. 


Ten-inch  Television  Tube 

The  Rauland  Corp.,  Chicago  41,  Ill., 
announces  the  type  R-6025  virtually 
flat-face  cathode  ray  tube  for  direct 
viewing  television  reception.  It  em¬ 


ploys  electromagnetic  focusing  and 
deflection.  Face  of  the  tube  is  10 
inches  in  diameter. 


Our  Develop¬ 
ment  Laboratory 
invites  your  diffi¬ 
cult  control  or  ul¬ 
trasonic  crystal 
problems. 


Navigator^s  Radar 

Raytheon  Manufacturing  Co., 
Waltham  54,  Mass.  The  Mariners 
Pathfinder  is  a  10-centimeter  radar 
with  four  range  scales,  0-1.5  miles  up 
to  0-50  miles  employing  an  indicator 
141  X  14}  X  24  inches  and  a  7-foot 
parabolic  reflector  weighing  less 
than  150  pounds.  The  indicator 
illustrated  carries  the  seven  active 
controls  necessary  for  operation. 
Transmitting  and  receiving  equip¬ 
ment  is  contained  in  an  enclosed 
cabinet.  Ranges  are  accurate  to 
within  2  percent  or  100  yards,  which¬ 
ever  is  greater.  The  equipment 
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NEW  USE  FOR  PLASTIC  TAPE! 


Irvington  Fibron  Plastic  Tape  is  a  ‘'natural”  for  wrapping' 
intricate,  many-branched  wire  harnesses.  Flexible  and  elastic, 
it  wraps  smoothly  and  evenly  over  irregular  surfaces  and  will 
not  bulk  in  sharp  corners.  Fibron  Plastic  Tape  is  tough  — 
having  superior  abrasion  resistance,  excellent  weathering 
qualities,  high  resistance  to  oils,  acids,  and  alkalis.  After 
wrapping,  the  harness  can  be  heat-sealed,  forming  a  homo* 
geneous  mass  of  insulation. 


SILICONE  IS  HERE! 


Irv'ington  Silicone-coated  Fiberglas  cloth  —  totally  inorganic 
flexible  insulation  —  can  be  used  at  operating  temperatures 
up  to  175  deg.  C.  It  is  highly  moisture  resistant  and  has 
excellent  dielectric  strength.  The  best  heat  resistant  flexible 
insulation  yet  developed.  Silicone-coated  Fiberglas  is  added 
protection  against  overload  failures.  Available:  wide, 

tapes,  and  bias  strips. 


SILK  NOW  AVAILABLE! 


Immediate  deliveries  can  be  made  on  Irvington  Varnished 
Silk  jor  any  application.  Combining  high  dielectric  strength, 
excellent  oil  and  .water  resistance  with  extreme  thinness  and 
elasticity,  its  return  will  be  welcomed  for  insulating  very  small 
coils  and  for  taping  over  irregular  surfaces. 

....-I— 

Additional  Information  and  Generous  Samples  of  these  Prod-, 
ucts  will.be  sent  on  Request. 


IRVINGTON 


.^1,  NCW 
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*  Every  magnet  individualiy  tested 
in  loud  speaker  structure  before 
shipping  .  .  . 

*  Every  magnet  meets  R.  M.  A. 
proposed  standards  .  .  . 

*  Every  magnet  meets  Arnold's 
minimum  passing  standards  of 
4,500,000  BHmax. 

Here’s  what  the  individual  touch 
means.  Thousands  of  the  nine 
different  sizes  of  speaker  mag¬ 
nets  shown  at  right  are  now  be¬ 
ing  turned  out  daily.  Each  one  is 
individually  tested  in  a  loud 
speaHer  structure  before  ship¬ 
ping.  Each  magnet  is  made  to 
meef  R.  M.  A.  proposed  standard 
for  the  industry.  Each  magnet 
must  meet  Arnold’s  own  mini¬ 
mum  passing  standard  of  4>500,- 
000  BHmax  for  Alnico  V  ma¬ 
terial.  Thus  by  careful  attention 
to_.  the  important  "individual 
touch’’  in  volume  production  can 
Arnold  promise  you  top  quality 
in  each  individual  magnet  you 
select. 


operates  on  115  volts,  50  to  70  cycles. 
Power  required  is  less  than  2  kva. 
An  interesting  feature  of  the  sys¬ 
tem’s  use  is  the  intended  employ¬ 
ment  of  Mackay  Radio  and  Tele¬ 
graph  Co.  field  representatives  as 
well  as  those  of  Raytheon  for  preven- 
!  tive  maintenance  of  the  equipment. 

Regulated  Power  Supply 

Electronic  Measurements  Co.,  Red 
Bank,  N.  J.  The  Model  204A  power 
supply  furnishes  300  milliamperes  at 
0-500  volts  d-c  (continuously  vari¬ 
able)  and  6  amperes  at  6.3  volts  a-c, 
center-tapped  and  unregulated.  Regu¬ 
lation  of  the  high  voltage  is  within  1 
percent  between  30  to  500  volts  from 


no  load  to  full  load.  The  equipment 
employs  14  receiving  tubes  and  con¬ 
sumes  about  525  watts  full  load  from 
a  105  to  125  volt,  50  to  60  cps  line. 
Adequately  equipped  with  two 
meters,  three  controls,  output  ter¬ 
minals  and  fuses,  the  unit  is  suit¬ 
able  for  table  or  relay-rack  mount¬ 
ing.  It  measures  19  x  lOi  x  15 
inches  and  weighs  approximately  70 
pounds. 

F-m  Signal  Generator 

Measurements  Corporation,  Boon- 
I  ton,  N.  J.  The  Model  78-FM  fre¬ 
quency-modulated  signal  generator 
operates  directly,  without  the  use  of 
frequency-multiplying  stages,  across 
the  range  of  the  88-108  megacycle 
f-m  broadcast  band.  A  mutual  in¬ 
ductance  attenuator  which  provides 
constant  output  impedance  of  17 
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ohms  is  calibrated  directly  in  micro¬ 
volts.  Frequency  deviations  up  to  500 
kilocycles  over  most  of  the  tuninj? 
ranpre  are  accompanied  with  only  a 
slight  amount  of  amplitude  modula¬ 
tion,  and  at  the  standard  deviation 
of  75  kilocycles,  there  is  less  than  5 
percent. 

Aircraft  Transmitter-receiver 

Hallicrafters  Co.,  43  East  Ohio  St., 
Chicago  11,  Ill.  The  Skyfone  model 
CA-2  covers  all  radio-range  frequen¬ 
cies  and  the  standard  broadcast  band 
as  a  receiver  and  transmits  on  the 
frequencies  assigned  for  personal 
aircraft  contacts  with  airfields.  De- 


CREI  Home  Study  Training  Can  Equip  You  to  Step  Ahead 
of  Competition  and  Gainthe  Confidence  Born  of  Knowledge 

CREI  technical  home  study  training  prepares  you  for  the 
secure  radio  jobs  that  pay  good  money  for  ability. 


Yap,  YOU  enn  b«  ready  to  enjoy  the  security  of  an 
important  technical  position  and  take  advantage  of 
new  career  opportunities  ...  if  you  prepare  yourself 
now. 

Join  the  thousands  of  other  ambitious  radiomen  who 
have  enrolled  with  CREI  to  assure  themselves  of  secure, 
good''paying  jobs  with  a  planned  program  of  advance- 
ment  made  possible  by  CREI  home  study  training  in 
practical  Radio-Electronics  Engineering.  You  can  study 
at  home — in  your  spare  time — develop  your  technical 
ability — increase  your  knowledge  to  keep  pace  with  im¬ 
portant  developments  now  taking  place  in  the  induetry. 

By  adding  CREI  training  to  your  present  radio  experi¬ 
ence  you  can  safeguard  your  future  and  keep  pace  with 
such  new  developments  as  U.H.F.  Circuits,  Cavity 
Resonators,  Pulse  Generators,  Wave  Guides,  Klystrons 
and  Magnetrons.  Are  you  equipped  to  handle  them> 
CREI  is  equipped  to  help  you  by  providing  the  technical 
background  that  is  r^uired. 

In  our  proved  method  of  instruction  you  learn  not 
only  how  but  why!  Easy-to-read-and-understand  les¬ 
sons  are  provided  well  in  advance,  and  each  student 
has  the  benefit  of  individual  guidance  and  supervision 
from  a  trained  instructor.  This  is  the  basis  of  the  CREI 
method  of  training  for  which  many  thousands  of  profes¬ 
sional  radiomen  have  Enrolled  during  the  past  19 
years  .  .  .  and  which  has  resulted  in  large  numbers  of 
promotions  to  more  responsible  positions. 

It  costs  you  nothing  to  read  the  interesting  facts 
...  to  learn  how  CREI  can  help  you  enjoy  the  security 
you  want  .  .  .  the  better  paying  job  that  can  be  yours. 
Write  for  particulars  now!  (CREI  training  for  veterans 
is  approved  under  the  **C.  1.”  Bill.) 


CAPITOL  RADIO  ENGINEERING  INSTITUTE 

E.  H.  RiaMa,  Prasfdanf 

Depf.  f-7,  16fh  and  Park  Road,  N.  W.,  Washington  10,  D.  C. 

Branch  Ofheas: 

New  York  (7):  170  Broadway  Chicago  (2);  30  N.  LaSalle  Street 

San  Diego  (I);  316  C  Street  San  Francisco  (2):  760  Market  Street 

Member:  NATIONAL  HOME  STUDY  COUNCIL;  NATIONAL  COUNCIL  OP  TECHNICAL  SCHOOLS 


Just  Off  the  Press! 


WRITE  FOR 
FREE  36-PA6E 
BOOKLET 

"Tear  OpperfanHy 
fa  the  New  World 
of  Electreaics" 

TdIIs  how  CREI 
Coorsos  can  bo 
odaptod  to  yoor 
parficiilor  Noodt. 

If  you  hare  hsd  profes¬ 
sional  or  amateur  radio 
experience  and  want  to 
make  more  money,  let 
Us  prove  to  you  wo 
hare  something  you 
need  to  qttallfy  for  a 
better  radio  job.  To 
help  us  intelligently  an¬ 
swer  your  inquiry  — 
PLEASE  STATE 
BRIEFLY  YOUR 
BACKGROUND  OP 
EXPERIENCE,  EDIT- 
CATION  AND  PRES¬ 
ENT  POSITION. 


signed  for  foolproof  operation  in  the 
hands  of  private  fliers,  the  equip¬ 
ment  weighs  only  8  pounds. 

Sealed  Plug-in  Relay 

Ward  Leonard  Electric  Co.,  Mount 
Vernon,  N.  Y.  has  developed  a  new* 
relay  designed  for  a-c  or  d-c  opera¬ 
tion  in  equipment  where  space  is 
limited.  Completely  encased  in  a 
cylindrical  can,  these  midget  relays 


provide  protection  against  adverse 
atmospheric  conditions  such  as  mois¬ 
ture,  dust,  and  corrosion.  Relay  coil 
and  contact  connection^?  are  totally 
enclosed  within  the  metal  housing 
and  are  brought  to  the  prongs  of  a 
standard  octal-plug  base.  Plug-in 
relays  are  available  in  contact  com¬ 
binations  to  double-pole,  double¬ 
throw  with  a-c  contact  ratings  fat 
commercial  frequencies)  of  4  am¬ 
peres  from  0  to  115  volts  and  d-c 
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LOOKING  FOR  SOMnHING  UNUSUM.  IN  PLASTICS? 


: _ ^ 

A  glance  at  these  photographs,  which 
show  a  few  of  the  plastic  forms  avail¬ 
able  from  Plax,  may  indicate  to  you  that 
Plax  is  a  good  source  of  unusual 
things,  some  of  which  are  original  Plax 
developments. 

From  dress  decorations  to  high  fre« 
quency  electronic  applications,  Plax  pro¬ 
ducts  are  daily  proving  themselves  in  a 
wide  variety  of  industries.  In  many 
cases,  Plax  engineers  assisted  in  the  se¬ 
lection  of  the  proper  material  and  Plax 
experimental  and  development  labora¬ 
tories  have  been  instrumental  in  making 
a  practical  reality  out  of  a  design  en*. 
gineer’s  desires. 

For  illustrated  literature  on  proper¬ 
ties,  prices  and  application  suggestions 
for  Plax  plastic  products,  please  write 


FLAX  SPECIALTIES  r  ■ 

Polyst^ene,  Polyethylene,  AAethacrylate,  Ethyl  Gd- 
lulose.  Cellulose  Acetate,  and  Cellulose  Acetate  Bu¬ 
tyrate  are  among  the  materials  Plax  produces  in 
the  following  forms:  Rod,  Tube,  Sheet,  Slob,  Film, 
Fiber,  Special  Extruded!  Shapes,  Blown  Items,  and 
Machined  Ports.  Not  all  materials  are  available 
in  all  forms  listed. 

Between  the  resources  of  Plax  and  the  Shaw 
Insulator  Company,  Irvington  11,  N.  J.,  you  can 
obtain  help  ond  counsel  in  the  use  of  most  plastic 
mcrterlals'^ond  processes.  For  intere^ng  IHeratinre 
on  the  materials  listed  above  .  .  .  write  Plax. 


"^sz/ruji  s 


IS  VMJMT  smn  -k  wunFom  \  conmectkvi 
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contact  ratings  of  0.5  ampere  from 
25  to  115  volts. 


tSch  facsimile 


Special  Connectors 

H.  H,  Buggie  &  Co.,  Toledo,  Ohio. 
A  new  type  of  connector  with  built-in 
capacitors  is  now  available  for  use 
in  radio  and  other  electronic  devices. 
Units  can  be  supplied  in  either  water¬ 
tight,  pressurized  or  nonpressurized 
types.  The  bypass  feature  in  these 
new  units  is  such  that  currents  of 
undesirable  frequencies  are  filtered 
from  the  leads.  Each  pin  is  provided 
with  a  bypass  to  the  aluminum  shell 
(ground  or  chassis)  at  capacitances 


This  first  postwor  Finch  Telefax  facsimile  brood* 
costing  instollotion  soon  will  be  reody  for  delivery 


from  50  to  1,800  micromicrofarads, 
350  working  volts,  using  tubular 
ceramic  capacitors.  The  unit  is 
available  with  various  AN  pin  ar¬ 
rangements  as  well  as  with  special 
pin  arrangements  to  meet  other 
specifications. 


OiRPRisiNCLY  low  priced,  its  moderate  initial  cost  and  maintenance  budget 
are  dtie  partly  to  Finch  experience  and  know-how,  and  partly  to  the  fact  that, 
in  many  details,  it  is  closely  related  to  the  Finch  family  of  proved  facsimile 
communication  equipment  —  which  means  that  the  cost  of  its  careful  develop¬ 
ment  was  held  down  and  the  savings  passed  on  to  the  purchaser. 

Provided  with  two  transmitting  scanners  to  facilitate  continuous  flow  of 
program  material  to  the  radio  transmitter,  the  installation  includes  a  monitor 
control  desk  for  convenient,  comfortable,  and  accurate  control  by  the  operator. 

Only  Fbidi  Ttinfax  brings  yov  Hitst  odvontngts: 

1.  Simple,  reliable,  time-saving,  push-button  operated,  automatic,  copy  loading 
and  unloading. 

2.  Automatic  scanner-carriage  return  at  the  end  of  each  page. 

2.  Separate  monitor  recorder  built  into  each  scanner  for  convenient,  easy 
adjustment  and  observation. 

4.  An  additional  monitor  recorder  conveniently  placed  on  the  control  desk 
for  recording  the  complete  program  under  the  watchful  eye  of  the  operator, 
and  to  provide  a  complete,  accurate  file  copy  of  the  program  transmitted. 

5.  Convenient  centralised  control  of  scanner  operation  comfortably  handled  by 
a  seated  operator. 

4.  A  license  authorising  use  of  the  applicable  Finch  patents  for  facsimile  broad¬ 
casting.  and  a  guarantee  protecting  you  against  necessary  infringement  of  fac¬ 
simile  patents  are  embodied  in  our  sales  contract. 

After  FCC  facsimile  standards  have  been  established,  units  purchased  now  will 
be  modified,  if  necessary,  at  moderate  cost. 


Industrial  Circuit  Tester 

Precision  Apparatus  Co.,  Inc., 
92-27  Horace  Harding  Blvd.,  Elm¬ 
hurst,  N.  Y.  The  industrial  circuit 
tester.  Series  856-J,  is  essentially  a 
double  -  meter  a-c/d-c  volt  -  ohm- 
milliammeter  which  can  be  used  on 
25  up  to  60  cps.  D-c  and  a-c  volt¬ 
ages  up  to  6,000  volts,  d-c  up  to  12 
amperes  and  a-c  up  to  60  amperes 
can  be  measured.  The  double  meter 
allows  simultaneous  measurement  of 
a-c  voltage  and  current.  The  overall 


*  Fi»rli  apciriai  racetvm  arr  availaUr  ia  liaiitrd  ^vaMitwa  ta  parfhattw  of  Fhm4  broa<lcaii|. 

iaf  m(ai|>aM«t:  Fiock  TelelM  raocivm,  for  wulk  FM  ra^ia  arta,  will  be  available  to  tbe  pablic 

ia  a  few  aaoaiba. 


FINCH  TELECOMMUNICATIONS,  INC. 

10  EAST  40th  STREET,  NEW  YORK  16,  NEW  YORK 

Also  mowvfoctirrors  of  finvh  HOCKST  Amtemmas  for  FM  Stations. 
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•  Wilto  lor  w 


SANGAMO 


ELECTRIC  ^  COMPANY 

SPRINGFIELD  •  ILLINOIS 


•  MOLDED  Paper  Tubulars 

•  Metal  Encased  Tubulars  (Paper) 

•  Transmitting  Oil-Filled 

•  Bathtub  (Oil  or  Wax-Filled) 

•  Diaclor  (A  Paper  Transmitting) 

•  Mineral  Oil  (For  E  Characteristics) 

•  Ballast  Capacitors  (Paper) 

•  Motor  Starting,  for  A.  C.  and  D.  C. 

•  Tubular  Transmitting  (Oil-Filled  Paper) 

•  Tubular  Transmitting  (Diaclor,  Paper) 

•  Receiving  Micas 

•  Transmitting  Micas 

•  Silvered  Micas 

•  Silvered  Mica  Buttons 


ANNOUNCINe  ANOTHER  SANGAMO 


FIRST ! 


T. 


X  WENTY-THREE  years 
ago  Songomo  was  first  to  announce  the  de¬ 
velopment  of  Molded  Mica  Capacitors.  Today 
Songomo  scores  again  with  another  "First": 
New  Paper  Tubular  Capocitors  which  are 
molded  in  a  thermo-setting  plastic.  Molding 
in  plastic  means  the  same  thing  in  paper 
tubulars  as  it  does  in  micas  —  more  stable 
capacity  values.  Other  advantages  of  this 
new  molded  product  are  apparent  at  once: 
all  moisture  is  permanently  kept  out — capacity 
values  are  sealed  in.  This  means  longer  life; 
lower  power  factor;  application  at  higher  tem¬ 
peratures.  The  molded  finish  is  smooth — less 
susceptible  to  catching  dust  From  a  cost 
standpoint  too.  comes  good  news:  Songomo 
Plastic  Molded  Paper  Tubulars  are  priced  only 
sligthly  higher  than  ordinary  types.  Use  them 
in  all  circuits  which  call  for  paper  tubular 
capacitors. 


HERE  IS  THE  SANGAMO  CAPACITOR  LINE  AND  NEW  CATALOG  WHICH  DESCRIBES  IT  .  .  . 


INSTRUMENT  &  TESTER 
SWITCHES 


OPERATING 

TEMPERATURE  TESTERS 


400  CYCLE  PORTABLES 


VACUUM-TUBE 
FREQUENCY  METERS 


MOST  COMPACT 
FREQUENCY  METERS 


ELAPSED 

TIME— FREQUENCY  METERS 


MULTIPLE  RANGE  PORTABLES 


POTENTIOMETER-PYROMETERS 


J-B-T  INSTRUMENTS,  INC 


43  1  CHAPEL  STREET  •  NEW  HAVEN  8,  CONNECTICUT 


size  of  the  hardwood  case  is  11  x  15 
X  6  inches. 


Energy  Storage  Capacitors 

Aerovox  Corp.,  New  Bedford,  Mass. 
A  line  of  capacitors  for  energj’-stor- 
age  applications  has  been  designed 
for  the  fields  of  flash  photography, 
discharge  welding  and  impulse  gen¬ 
eration. 

Maximum  watt-second  energy  and 
minimum  weight  and  cost  for  indi¬ 
vidual  applications  are  achieved  in 
these  capacitors  by  special  ratings 
consistent  with  the  duty  cycle.  Each 
unit  is  provided  with  an  extra  large 


12-14  and  20  position. 
Shorting;  non-shorting 
1-6  docks. 


(SS-14-2) 


Automatically  compensated, 
typical  range  for  ovens, 
0-650T. 


Accuracy  to  ±0.3%;  pocket 
size  metal  case;  other  ranges. 


(39.VTF) 


Matches  standard  IVz”  panel 
instruments.  60,  120  cps. 


number  of  internal  connections  in 
order  to  minimize  inductance.  Also, 
to  handle  the  high  currents  involved, 
units  are  divided  into  many  sections 
to  further  reduce  the  currents  in 
individual  connections.  This  new 
line  of  capacitors  covers  watt-second 
ratings  from  50  to  540,  in  voltages 
from  2,000  to  4,000  inclusive. 


(21-FX-60  cy.) 


3%"  mounting;  encourages 
periodic  servicing  and  tuj>e- 
life  checking. 


Clock  Swittih 

General  Electric  Co.,  1285  Boston 
Ave.,  Bridgeport  2,  Conn.,  is  now 
producing  the  Select-O-Switch,  an 
electric  clock  which  will  control  ap¬ 
pliances  or  equipment  drawing 


Standard — 4  frequency  groups 
at  3  voltages.  Many  q>ecial 
order  variations. 


7^ 

'  ^  1 

Measures  and  follows  tern-  T  (BO-FP) 

^  M 

peratures  continuously  after  I 

1— * 

kJ 

initial  balancing.  1 

(70.PO) 

...  many  of  these,  and  others  from  the  T-B-T 
are  now  stocked  by  leading  Jobbed* 
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HERE'S  a  war  development  that  may  offer  an  answer  to 
your  shielding  problems  in  high-frequency  equipment. 

It  is  shielding  rings  of  resilient  Monel  mesh.  They 
were  first  used  by  the  U.  S.  Army  Signal  Corps. 

The  resiliency  of  Monel  mesh  assures  continuous 
contact  at  all  points.  And,  Monel's  corrosion  resistance 
minimizes  any  loss  of  over-all  conductivity  from  attack 
by  moisture-laden  air  or  sea  water. 

When  used  in  place  of  fabricated  sheet  metal  shields, 
these  rings  speed  production  and  assembly  . . .  reduce 
space  requirements  . . .  simplify  disassembly. 

And,  where  fluid  seal  attachments  are  needed,  design¬ 
ers  find  that  Monel  can  be  satisfactorily  bonded  to 
rubber-like  materials. 

Most  important.  Monel  mesh  shielding  rings  do  a  fine 
job  of  “frustrating”  straying  h-f  currents.  Currents  that 
“want  out”  have  to  run  around  in  circles  until  they 
crawl  back  into  the  box. 

Investigate  this  new  shielding  method.  Knit  Monel 
mesh  can  be  made  into  rings  of  all  types  and  sizes  to  fit 
individual  requirements.  For  more  information  write: 
Metal  Textile  Corporation,  Orange,  New  Jersey. 


On«  of  several  interesting  pos¬ 
sibilities  for  knit  Monel  mesh 
is  in  the  "plumbing"  on  high- 
frequency  equipment.  Knit 
Monel  mesh  can  be  used  be¬ 
tween  the  concentric  metal  tub¬ 


ing  used  for  tuning. 


THE  INTERNATIONAL  NICKEL  COMPANY,  INC 
67  Wall  Stroet,  N«w  York  5,  N.  Y. 


ALLOYS 


NICKEL 


KR"  MONEL 


INCONEL* 


"I"  NICKEL 


Z"  NICKEL 


NICKEL 
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power  up  to  1,650  watts  for  pre¬ 
selected  intervals  over  any  12-hour 
period.  The  clock  measures  6J  x  5  x 
3  inches  and  is  enclosed  in  a  plastic 
case. 


Fluorescent  Lighting 
Capacitors 

Aerovox  Corp.,  New  Bedford,  Mass., 
offers  a  new  line  of  capacitors  suit¬ 
able  for  fluorescent  lighting  service. 
Extra  ruggedness  has  been  attained 
by  a  careful  selection  of  tissue  and 
foil,  followed  by  thorough  impregna¬ 
tion  of  sections  using  long  pumping 
cycles.  The  impregnant  is  Hyvol, 
a  synthetic  high-dielectric  compound 
with  stable  characteristics.  These 
fluorescent  capacitors  are  now  avail¬ 
able  in  all  standard  types,  and  also 
in  special  sizes  and  shapes,  to  suit 
any  requirements.  Some  of  the 
more  popular  items  have  a  capaci¬ 
tance  of  3.5  /xf  at  330  volts  in  a 
2  X  2-inch  round  can.  Others  have  a 
4.75  /xf  capacitance,  115  volts,  oval 
can,  size  1^  x  2iV  x  35  inches. 


Winchester  monoblock  connectors 


Sheet-metal  Fastener 

Tinnerman  Products,  Inc.,  2106 
Fulton  Road,  Cleveland  13,  Ohio,  is 
producing  the  J-type  speed  nut  use- 


Reiiable  plug-in  operation  is  assured  with 
the  new  Winchester  rectangular  connec¬ 
tor.  This  compact  unit  occupies  a  mini¬ 
mum  of  space.  It  can  also  be  supplied 
with  a  self-contained  locking  device. 


•  MONOBLOCK  CONSTRUCTION 

•  MOLDED  OF  MELAMINE 

•  PRECISION.  MACHINED 
CONTACTS 

•  POLARIZED 

•  SELF-ALIGNING 

•  SURFACE  CREEPAGE  — 1/4  in.  min, 
between  adjacent  contacts. 


ful  in  junction-box  assembly.  The 
nut  snaps  over  the  screw  hole  in  a 
self-retaining  position  and  is  pro¬ 
vided  with  a  cap  which  prevents  in¬ 
jury  to  wiring. 


Available  in  12  &  18  conductor  size; 


Laboratory  Tester 

Reiner  Electronics  Co.,  Inc.,  152 
West  52nd  St.,  New  York  1,  N.  Y. 
The  Model  333  volt-ammeter  is  par¬ 
ticularly  designed  for  schools  and 
laboratories  as  well  as  for  amateur 
use.  It  comprises  a  hermetically 
sealed  meter  and  a  drawerful  of 
shunts  and  multipliers,  the  combina¬ 
tions  of  which  are  guaranteed  to 


18  eon  facts 
12  eon facts 


For  further  information  write  for  BuHetin  1 34-K 


The  Winchester  Company 

6  EAST  46rii  STREET  •  NEW  YORK  17,  N.Y.  U.S.A. 
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THE 


SCOPE 


OF  THE 


SORENSEN  REGULATOR  ...  is  amazing! 


L'  nretouched  photograph  of  output 
wave  form  of  illu»trated  Model  1000 
under  full  load. 


Compensates  in  LESS  THAN  1/10  of  a 
second  for 

•  Frequency  variations  of  ±15%. 

•  Input  voltage  fluctuations  of  95-130 
volts. 

•  Load  changes  of  ±75%. 

OUTPUT  VOLTAGE  CONSTANT  TO 


0.2% 


.  .  .  even  at  extremes  of  rated  load,  fre¬ 
quency,  or  input  variation. 


*  No  moving  parts. 

*  Independent  of  load  power 
factor. 

*  Wave  form  distortion  less 
than  5%. 

*  Readily  adapted  to  current 
regulation. 

*  Regulators  available  in  load 
ranges  from  25-15,000  va. 


The  MODEL 
1000  (range  100-1000  ra.) 


For  precision  measurements— 

SPECIFY  SORENSEN  REGULATORS 


Write  for  descriptive  literature. 

SORENSEN  6l  COMPANY,  Inc. 

STAMFORD.  CONN. 
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measured.  This  model  is  used  for 
d-c  measurements.  Other  models  are 
available  for  a-c  or  a-c/d-c  use. 


Resistance  Comparator 

Clippard  Instrument  Laroratory, 
Inc.,  1440  Chase  Ave.,  Cincinnati  23, 
Ohio.  The  type  PR-4  resistance 
comparator  has  been  designed  for 
production  testing  of  resistors  over 
the  range  100  ohms  to  100  megohms. 
The  resistors  under  test  are  checked 


Oscilloscope  Calibrator 

PoLARAD  Electronics  Co.,  135  Lib¬ 
erty  St.,  New  York  6,  N.  Y.  The 
Voltascope  is  used  to  supply  peak-to- 
peak  voltages  of  0.1,  1.0  and  10  volts 
to  a  cathode-ray  oscilloscope  for  cali¬ 
bration  purposes  or  to  compare  a 
signal  of  unknown  amplitude  with 
the  standard  through  manipulation 
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within  1-percent  accuracy.  Volt¬ 
ages  to  1,000  and  Clirrents  from  2.5 
!  milliamperes  to  10  amperes  can  be 


CRAFTSMANSHIP  IN  CRYSTALS  SINCE  1931 


Type  VDO  —  a  compact  unit  utilizing  two 
crystals  in  the  same  holder  with  or  without  tem¬ 
perature  control  —  is  a  5-pin  mount  designed  to 
fit  the  standard  5-prong  tube  socket.  Particularly 
adaptable  for  use  in  transceiver  equipment  where 
both  transmitter  and  receiver  channels  are  crystal 
controlled. 

Send  for  Bulletin  No.  8,  giving  complete 
specifications  and  details  of  various  applications. 


CRYSTAL  CORP. 
HOLUSTON,  MASS. 


with  a  standard  within  the  limits 
minus  25  to  plus  30  percent.  The 
accuracy  of  the  instrument  is  guar¬ 
anteed  within  plus  or  minus  1  per¬ 
cent  over  the  entire  range.  Maxi¬ 
mum  wattage  across  the  resistor 
under  test  is  0.36  watt  for  the  100- 
ohm  size,  less  for  larger  types.  The 
apparatus  operates  from  a  105  to  125 
volt  a-c  line  and  is  independent  of 
line  voltage  within  this  range. 


W  MAXIMUM  EFFICIENCY  IN 

FREQUENCY  CONTROL 


TLExmesHATTs 


OlVE  YOU  THE  Bl 


E  OP 


” Plaeeabilay 


IN  EOUIPMENT  DESION 

"Placeability"  is  a  word  we  coined  to  repre¬ 
sent  an  important  advantage  you  get  when  you 
use  S.S. White  flexible  shafts  in  conjunction 
with  any  circuit  element  requiring  power  drive 
or  remote  control. 

The  shaft  serves  to  give  you  full  freedom  in 
locating  both  the  element  and  its  control.  You 
can  place  the  element  where  you  want  it  to 
satisfy  space,  operating,  and  servicing  require¬ 
ments.  And  you  can  also  group  the  control 
knobs  for  convenient  operation  and  harmonious 
appearance. 

The  "placeability"  that  is  gained  through 
the  use  of  S.S.White  flexible  shafts  opens  up 
new  possibilities  in  electronic  equipment  design. 

Write  for  Flexible  Shaft  Bulletin  4501 


This  bulletin  gives 
basic  infornrration 
and  technical  data 
about  S.S.White 

flexible  shafts  and 
their  application. 


siwHin 


THE  $.  S.  WHITE  DENTAL  MFC.  CO. 


INDUSTRIAL 


DIVISION 


DIPT.  E.  10  PAST  40tb  $T.,  NEW  TOOK  16.  N.  Y.__ 
eiiXfiii  sNArrs  •  nixiaii  snaft  loois  •  aixciaft  Accfssoeies 

SMAU  CUniNO  AND  OtlNOINO  TOOiS  •  SMCIAl  FOKMUIA  lUtXtXS 
IMXOfD  MSISTOtS  •  fiASIK  STiClAITtiS  •  CONTtACI  PIASTICS  IMOiDINO 


One  ^menicM  A  AAA 
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p.fOLTASCgPC 


of  the  oscilloscope  gain  control.  Out¬ 
put  of  the  device  is  dependent  upon 
line  voltage  from  the  115- volt  50-  to 
60-cps  line  to  which  it  is  connected 


for  operation.  The  unit  measures 
3x4x5  inches,  weighs  2  pounds 
and  costs  $15  in  New  York. 


Phone — C-W  Transmitter 

Transmitter  Equipment  Manufac¬ 
turing  Co.,  345  Hudson  St.,  New 
York,  N.  Y.  The  Model  75GA  75  to 
100  watt  amateur  radio  transmitter 
is  suitable  for  operation  on  all  bands 
from  3.5  to  28  megacycles,  using 


ROTOBRIDGE 

Checks  a  Circuit  a  Second 


Use  the  Rotobridge  as  insurance  against  returns,  rejects 
and  troublesome  service  calls. 

This  automatic  instrument  checks  wiring  errors,  resistance 
and  reactance  values — right  on  the  assembly  line! 

Designed  for  continuous  24-hour  duty,  the  Rotobridge 
serves  you  where  and  as  you  direct.  A  10%  resistance 
tolerance  at  one  point?  A  25%  capacity  tolerance  at 
another  spot?  Trust  the  Rotobridge  to  do  the  job  with 
unfailing  accuracy — and  completely  automatically! 

Versatile,  the  Rotobridge  is  adaptable  either  to  several 
sni all-sub-assemblies,  or  a  complete  set  comprising  as  many 
as  120  circuits.  Two  or  three  Rotobridge  units,  working 
simultaneously,  will  inspect  a  30  or  40  tube  set  up  ...  in 
five  minutes.  WRITE  FOR  BULLETIN  AND  PRICES 


either  crystal  or  variable  frequency 
oscillator  control.  The  unit  can  also 
be  used  as  the  driver  for  a  500-watt 
power  amplifier.  Circuits  are  pro¬ 
vided  for  break-in  operation,  includ¬ 
ing  grid-block  keying  and  an  antenna 
transfer  relay. 


Power  Triode  . 

Machlett  Laboratories,  Inc., 
Springdale,  Conn.,  announce  the  ad¬ 
dition  of  an  improved  type  889- A 
high  frequency,  water-cooled  triode 
to  their  line  of  high  power  transmit¬ 
ting  tubes.  This  tube  features  the 
use  of  heavy  sections  of  Kovar  for 
the  glass  seals  rather  than  the  con¬ 
ventional  t3T)e  of  feather-edge  cop¬ 
per  seals.  The  grid  and  filament 
structures  are  mounted  from  one- 
piece  high-conductivity  copper  sup- 


Communication  Measurements  Laboratory 

120  GREENWICH  STREET.  NEW  YORK  6.  N.  Y. 

SALES  1  Cftieogo:  612  N.  Mleklgaa  A  venae 
OFFICES  (  Washington:  924  19th  Straot,  N.  W. 
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6-E  SELENIUM  RECTIFIERS 


Savings  in  both  space  and  weight  are  features  of  G-E  Selenium 
Rectifiers.  Engineered  and  produced  in  a  wdde  choice  of  sizes 
and  capacities,  they  do  a  big  job  where  limited  space  is  a 
factor.  They’re  designed  to  withstand  extreme  variances  in 
ambient  temperatures,  humidities,  atmospheric  pressures. 

They  can  be  depended  upon  to  deliver  faithful  service  in 
series,  parallel,  and  series-parallel  circuits.  G-E  Selenium  Rec¬ 
tifiers  are  noted  for  long  and  economical  service.  Write  for 
booklet,  “G-E  Selenium  Rectifier  Stacks.”  Section  A  11-7119, 
Appliance  and  Merchandise  Department,  General  Elearic 
Company,  Bridgeport,  Connecticut. 


GENERAL 


ELECTRIC 


Selenium  Rectifiers,  4  volts,  O.I 
milliamperes  d-c 


Selenium  Rectifier,  60  volts,  I  amp,  d-c  f 


Selenium  Stack,  110  volts,  5  amp,  d-c 
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ports  which  also  form  the  contacts 
to  which  grid  and  filament  connec¬ 
tions  are  made.  Being  gold  plated 
externally,  minimum  contact  and 
lead  resistance  are  obtained.  This 


WELCH  METERS 


D  C  PANEL  INSTRUMENTS 

are  the  product  of 
fifty  years'  experi- 
ence  in  designing 
and  building  high- 
grade  instru- 

NOW  AVAILABLE 
Special  Features 


tube  finds  use  in  radio  transmission 
for  frequencies  up  to  50  megacycles 
at  full-power  input  and  for  dielectric 
heating  purposes. 


•  Alnico  Magnets 

•  Sapphire  Jewel  Bearings 

•  Selected  Steel  Pivots 

•  Fume-proof  Metal  Scales 

•  Extremely  Rigid  Mount¬ 
ing 

•  Sensitive  Movement 

•  High  Torque  Ratio 

•  Stable  and  Well-Damped 

•  Cases  Moulded  Bakelite 
for  Flush  Mounting 

MODELS 

350 —  3V3  inch  round — ^2.4  inch  seal* 

351 —  3  inch  squoro — 2^4  inch  seal* 

451 — 41^^  inch  roctongular — 

3.5  inch  seal* 

Microommolon 
up  to  0-500 

Millionunotors  0-1  up 

to  0-500  H 

Anunotors  0-1  up  to 
0-30  ■ 

Voltmotors.  Tcirious  J 

ranqos,  100  to 
50,000  ohms  por 
TOlt  ■  ^ 

Zoro  Contor  Ammo- 
ton 

DB  Moton 

Boctifior  Instiumonts 

Thormocouplo  Mo- 

Spoci^  Soolod  Mo- 
ton 


Multivoltmeter 

Rawson  Electeical  Instrument 
Co.,  Ill  Potter  St.,  Cambridge,  Mass, 
has  develop€?d  two  new  multirange 
d-c  voltmeters.  Range  of  the  type 


501F  is  0.01  to  1,000  volts  full  scale 
and  that  of  type  501G,  0.1  to  100 
volts  full  scale.  All  resistors  are 
wire  wound  and  an  accuracy  of  0.5 
percent  is  guaranteed  for  the  instru¬ 
ments. 


j  Two-  and  Tlirc^pole  Relays 

1  Kurman  Electronics  Core..  35-18 
I  37th  St.,  Lx)ng  Island  City  1,  X.  Y., 

1  announccjs  a  new  line  of  tw'o-  and 
I  three-pole  relays.  Series  16.  This 
t\T)e  is  designed  so  that  the  arma¬ 
ture  is  insulated  from  the  contact 
arms  by  a  bakelite  link  pro\iding 
insulation  good  to  1,500  volts  be- 
j  tween  all  contacts  and  ground. 

I  Rated  for  2-watt  operation,  the  coil 
will  dissipate  as  much  as  4  watts 
!  in  continuous  operation  without 


Wrif*  for 
CATALOG  OF 
ELECTFICAL 
MEASURING 
INSTRUMENTS 


W.  M.  WELCH  SCIENTIFIC  COMPANY 

- EsfoMiiM  I  MO - 

1515  SMiqwick  SOrMt.  Dept.  H.  Chica9e  10.  Iliiaoit,  U.  S.  A. 


IlSSlStAHT 


IF  YOU  NEED  ED  elcctrical  insulation  that*s  not 
affected  by  temperatures  up  to  1200®F.,  yet  is 
unusually  flexible,  workable  and  durable,  you'll 
find  it  in  BH  Special  Treated  Fiberglas  Sleeving. 
Even  in  direct  contact  with  heat  units  this  re¬ 
markable  sleeving  won't  burn. 

Reason?  It's  made  of  inorganic  Fiberglas  and 
treated  by  the  exclusive  BH  process.  No  saturant 
is  used,  yet  the  sleeving  won't  fray  when  cut  and 
it  is  permanently  flexible.  In  addition  to  many 
other  properties  it  is  moisture,  oil  and  grease  re¬ 
sistant  .  .  .  works  easier,  simplifies  assembly  and 
lasts  longer.  Made  in  natural  color  only — all 
standard  sizes.  Get  your  free  samples  today  and 
compare! 

NERrS  ANOTHER  NON-BURNING  SLEEVING 

BH  Extra  Flexible  Fiberglas  Sleeving  won't 
burn  because  both  yams  and  impregnation  are 
non-inflammable.  This  high  quality  sleeving  has 
all  the  advantages  of  pure  Fiberglas,  is  toughened 
against  abrasion,  is  non-fraying  and  non-stiffen¬ 
ing.  It  lasts  indefinitely  without  rotting  or  crack¬ 
ing — the  ideal  all-purpose  electrical  insulation  for 
all  kinds  of  industrial  equipment  and  home  appli¬ 
ances.  Available  in  all  standard  colors  and  sizes 
from  No.  20  to  inclusive.  Put  it  to  the 
toughest  tests  you  know  and  watch  the  results! 

ALL  BN  PBODUCTS  AVMLABU  IN  STANOANO 
36'  LENCTNS  AND  SOO-R.  COILS 


ELECTRONICS 
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overheating.  Any  two-  or  three-pole 
contact  combination  is  available. 
The  contacts  are  rated  to  carry  2 
amperes  at  100  watts.  A  coil  may 


be  selected  for  any  d-c  voltage  be¬ 
tween  0.5  and  150  volts,  and  any  a-c 
voltage  between  3  and  500  volts.  The 
approximate  dimensions  are  2  x  li^ 
X  lil  inches.  The  weight  is  approxi¬ 
mately  4  ounces.  Additional  informa¬ 
tion  may  be  obtained  in  Bulletin 
1646. 


Microwave  Tubes 

Sylvania  Electric  Products,  Inc., 
Two  new  vhf  triodes  are  particularly 
suitable  for  application  ’to  relatively 
simple  wave-guide  systems  for  many 


Soldering  efficiency  reaches  a  new  high  with  TRI-CORE  solder 
wire. 

The  unequalled  performance  of  this  remarkable  Alpha- 
developed  product  makes  it  a  must  for  radio,  electronic  and 
electrical  work. 

TRI-CORE  speeds  up  production  as  no  single  core  solder  can. 
TRI-CORE  prevents  empty  flux  sections.  It  provides  the  flux¬ 
ing  you  need.  No  corrosion.  No  manpower  waste. 

What’s  more,  with  TRI-CORE  solder  you  may  use  an  alloy 
of  smaller  tin  content — and  still  produce  results  superior  to 
solders  having  a  tin  content  15%  to  66%  greater  than 
TRI-CORE’S. 

On  every  count,  TRI-CORE  will  get  your  OK  for  better, 
faster  soldering.  Try  TRI-CORE ! 

SEND  FOR  TEST  SAMPLE  AND 
DESCRIPTIVE  BULLETIN 

ALPHA  METALS.  INC. 

Singl*  Cor*,  Ro^  and  Add  Filled.  Spedal  Cor*  Solder, 

Wire.  Bar.  Sheet  Preforms.  Lead  and  Tin  Products. 

371  Hudson  Avenue,  Brooklyn  1,  N.  Y. 

Export  Die:  25  Warren  St,  New  York  7 
Cables:  Simontrice,  New  York 


industrial  electronic  control,  inspec¬ 
tion  and  sorting  applications.  The 
new  tubes  feature  streamlined  cath¬ 
ode  assembly,  planar  grids,  minimum 
interelectrode  capacitance,  minimum 
transit-time  effect  and  low  power- 
input  requirements.  The  type  2C36, 
shown  at  left,  and  type  2C37,  shown 
at  right,  measure  only  21  inches  over- 


W  elding  Timer 

Weltronic  Co.,  19500  West  Eight 
Mile  Road,  Detroit  19,  Mich.  The 
Model  120-75  timer-contactor  for  re¬ 
sistance  welders  uses  only  two  re¬ 
lays  and  is  built  to  mount  on  either 
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NEW  “SQUARE  LINE”  metal  cmm? 


attractive  tan  “hammered”  baked 


on  enamel,  brown  trim. 


V  PLr«-iN  nKf'TiriER 


Repiacement  in  case  of  overioadins 


is  as  simple  as  chanKins  radio  tnbe. 


V  READABILITY 


The  most  readable  of  ail  Volt 


Ohm-Mllliameter  scales — 5.6  inches 


long:  at  top  arc. 


V  RED  •  DOT  LIFE 


on  6"  instrument  protects  against 


JVew  EXGIXEERHYG  •  New  DESIGN  ' 

New  RANGES  • 

150  RANGES) 

Voltage:  5  D.C.  0-10-50-250-500-1000  at  25000  ohms  per  volt. 

5  A.C.  0-10-50-250-500-1000  at  1000  ohms  per  volt. 

Current:  4  A.C.  0-.5-1-5-10  amp. 

6  D.C.  0-50  microamperes — 0-1-10-50-250  milliamperes — 0-10  amperes 

4  Resistance  0-4000-40,000  ohms — 4-40  megohms. 

6  Decibel  —10  to  +15,  +29,  +43,  +49,  +55. 

Output  Condenser  in  series  with  A.C.  volt  ranges. 

Model  2400  it  timilar  hut  hat  D.C,  voltt  Ranget  at  5000  ohmt  per  volt 

WRITE  FOR  COMPLETE  DESCRIPTION. 


ELECTRICAL  INSTRUMENT  CO  •  BLUFFTON,  OHIO 
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the  right  or  left  side  of  the  welder. 
Brackets  are  provided  for  B-  or 


ELECTRONIC 
REGULATED-VOLTAGE 
POWER  SUPPLY 


C-size  ignitron  tubes  and  adapters 
for  A-type  tubes  can  be  supplied. 
The  timing  element  itself  can  be 
plugged  in  or  removed  easily.  A 
glass  cover  allows  viewing  the  posi¬ 
tion  of  controls  without  their  being 
immediately  accessible.  The  unit 
measures  8J  x  20  x  40  inches. 


Turntable  Motor 

Alliance  Manufacturing  Co.,  Alli¬ 
ance,  Ohio,  has  announced  the  Phono- 
motor,  Model  80,  which  features  uni¬ 
form  table  speed.  Motor  and  idler 
plate  are  shock-mounted  to  reduce 
vibration  and  forced  ventilation  is 
achieved  by  a  fan.  The  motor  turns 
at  78  rpm,  operating  from  a  110- volt 
60-cps  line. 


Built  for  th«  U.  S.  Army  as  Power  Supply  RA-57A. 

Adapted  to  civilian  use  by  mounting  on  2I/2"  chassis,  1 1"  brackets,  standard  19" 
X  I2IA"  steel  (black  or  grey  crackle  finish)  rack  panel,  and  installing  milliammeters, 
voltmeters,  pilot  lights,  switches,  fuses,  power  cords,  etc. 

Fits  any  standard  19"  rack  or  cabinet.  Built  from  equipment  which  is  either 
new  or  never  used.  Each  unit  unconditionally  guaranteed. 


IMMEDIATE  DELIVERY-LIMNED  QUANTITY 


TYPE  A>-Var{abla  from  210  to  3S0  V.D.C.  at  400  M.A. 

TYPE:  B:— Variable  from  S35  to  915  V.D.C.  at  125  M.A. 

SpeeiHeafions 

Input: — 115  V.  60  cycle. 

Regulation: — Less  than  l/IO  volt  change  in  output  voltage  with  change  of 
from  90  to  140  V.A.C.  input  voltage  and  from  no  load  to  full  load  (over 

wide  latitude  at  center  of  variable  range - see  graph). 

Ripple: — Less  than  5  millivolts  at  all  loads  and  voltages. 

Overall  dimensions:-— 19"  wide;  I2l/|"  high;  1 1"  deep. 

Tube  complement.  Type  A:  2-835;  5-iL6;  2-5SP5;  l-VRISO;  I-VRI05 
Tube  complement.  Type  B:  2-835;  2-5L5;  2-5SF5;  l-VRISO;  l-VRIOS 


High  Frequency  Probe 

Alfred  W.  Barber  Laboratories, 
34-14  Francis  Lewis  Blvd.,  Flushing, 
N.  Y.  A  practical  answer  to  the 
problem  of  measuring  voltages  in 
very  high  frequency  circuits  is 
offered  in  the  Model  29  high  fre¬ 


quency  probe.  Most  existing  probes 
have  an  input  capacitance  of  5  micro¬ 
microfarads  or  more.  The  effect  of 
loading  and  detuning  of  very  high 
frequency  circuits  is  therefore 
greatly  reduced  in  the  new  probe 
which  has  an  input  capacitance  of 


Note  coDstant  D.C.  output  voltage  over  wide  range;  straight  line  regulation 
COMPONENT  PARTS  ALONE  LIST  FOR  MORE  THAN  $400. 

NET  PRICE:  Type  A:— $138.00;  Typ*  R:— $135.00  F.  O.  B.  Baltimore 

NATIONAL  RADIO  SERVICE  CO. 

Reisterstown  Rd.  at  Cold  Spring  Lane  Baltimore  15.  Md, 
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increased  heat  resistance 
greater  hardness 
improved  machineability 
low  power  factor 


Here’s  another  Styron  in  the  form  of  cast  rods  that  challenges  heat 
distortion  at  new  heights!  This  plastic,  now  made  commercially 
available  by  Dow,  will  withstand  heat  of  a  soldering  iron;  or  even 
immersion  in  molten  lead  for  short  periods!  Its  ability  to  resist  heat 
gives  Stvron  significant  superiority  in  machining  operations.  It  can 
Ik^  fabricated  by  the  usual  metal  machining  methods.  It  accommo¬ 
dates  metal  inserts  better  too.  Extreme  clarity  and  high  retractive 
index  make  it  adaptable  to  lenses  aiul  other  optical  equipment.  And 
its  low  power  factor  makes  it  broadly  useful  in  electrical  applications, 
esjH‘cially  in  the  high  frequency  field.  Stvron  2(X)  is  available  only 
in  cast  rods  from  to  in  diameter.  It  is  not  a  molding  material. 


Sttct'es.s  in  plastics  is  best  measured  in  end  products.  It  calls  for 
the  cttmbined  efforts  of  manufacturers,  designers,  fabricators 
and  raw  material  producers.  Dow  is  ready  to  do  its  part.  Sat^e 
time  and  money — call  on  Dow  and  get  the  most  out  of  plastics. 


Dow 


PliASTICS 

ETHOCEL  •  ETHOCEL  SHEETING 
STYRON  •  SARAN  •  SARAH  F1U4 


The  No.  10012 
RIGHT  ANGLE  DRIVE 


"Dosignod  for  Application.”  Exiromoly  com* 
poet.  Com  (iso  i(  only  1 W  x  1 W  x 
U(0(  bovol  goors.  Mounts  on  adjustoblo 
"standoff  rods,”  singlo  holo  ponol  bushing 
or  toppod  holos  in  fromo.  Idool  for  oporoting 
swHchos,  potontiomotors,  otc.,  that  must  bo 
locofod,  for  short  loads,  in  romoto  porfk  of 
chassis. 


JAMES  MiLLEN 
MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


Ij^VANCE 


0.5  to  1  micromicrofarad,  extending 
the  range  of  measurements  ten 
times,  from  50  to  500  megacycles. 
The  new  probe,  replacing  the  stand¬ 
ard  probe  of  the  Model  VM-27 
vacuum  tube  voltmeter,  is  adjusted 
accurately  to  one-tenth  the  sensitiv¬ 
ity  of  the  standard  probe.  Conse¬ 
quently,  all  voltage  readings  are 
exactly  ten  times  the  indicated 
values.  Thus  the  voltmeter  has 
full-scale  ranges  of  10,  30,  100,  300 
and  1,000  volts. 


Frequency  Meter  and 
Tachometer 

Communications  Measurement 
Laboratory,  120  Greenwich  St.,  New 
York  6,  N.  Y.  The  Model  1800  is  a 
visual  frequency  meter  which  can 
be  used  to  determine  frequencies  in 


S,.  .y  ^  SERIES  9S0 

SiNGLl  POLS  RELAYS 

General  Circuit  control  unit,  inexpensive, 
yet  highly  efficient.  Available  in  either 
single  or  double  throw,  open  or  closed 
contacts.  Coils— 1  to  115  v  A.C.  — 2  to 
60  V  D.C.  Size  —  I’/j-in.  x  I’/j-in.  x 
2.21/32-in. 


the  range  of  10  to  20,000  cps  with  I 
an  overall  accuracy  of  better  than  ! 
1  percent.  The  addition  of  a  strobo- ' 
scopic  lamp  allows  its  use  as  an  i 
electronic  tachometer.  Pulses  of 
practically  any  wave  form  up  to  50  * 
micro-seconds  duration  can  also  be 
measured.  External  recorders  or 
meters  can  be  used  for  graphical  or  | 
remote  indications.  i 


SERIES  960 


DOUBLE  POLE  RELAYS 

Small,  yet  powerful  relay  suitable  for 
light  or  power  transfer  systems.  Available 
in  either  single  or  double  throw,  open  or 
closed  contacts.  Coils— 1  to  115  v  A.C. 
—  2  to  60  V  D.C.  Size  —  1  ’/j-in.  x  1  %- 
in.  x  2.21/32-in. 


Vacuum-tube  Voltmeter 

General  Electric  Co.,  Schenectady 
5,  N.  Y.  announces  a  new  vacuum- 
tube  voltmeter  identified  as  Type 
AA-1.  It  has  ten  calibrated  voltage 
ranges,  the  lowest  being  10  milli¬ 
volts  full  scale  for  readings  as  low 
as  1  millivolt,  and  the  highest  300 
volts.  The  complete  rating  is  from 
0  to  0.01  up  to  0  to  300  volts  so  that 
a  wide  range  of  measurements  can 
be  made  without  reading  below  one- 
third  of  the  full-scale  value.  For 
all  frequencies  between  15  cycles  and 
500  kilocycles  the  accuracy  is  dt3 
percent;  and  between  500  kilocycles 
and  1  megacycle  it  is  =*=5  percent. 
The  instrument  can  be  used  with  rea- 


SERIES  970 

THREE  POLE  RELAYS 

Very  rugged,  small  relay.  Available  in 
either  single  ar  double  throw,  open  or 
closed  contacts.  Coils— 1  to  115  v  A.C. 
-  2  to  60  V  D.C.  Size  -  2  Vi -in.  x  2%- 
in.  X  2-15/16-in. 

A  simitar  Four  Pole  Relay  (SERIES  980) 
is  available  in  full  range  of  contact 
combinations. 

Write  for  catalog  and  price  list 
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METALTEX  scrtcning 
is  produced  by  the  elec* 
tropletiivg  process, 
which  assures  maximum 
accuracy  in  perfora¬ 
tion  and  pattern. 


THE  HEADDEN  COMPANY 
i  17  Academy  St.,  Newark  2,  N.  J. 

Send  samples  as  checked  below: 

I  O  METALTEX  Non-Woven  Screening 
J  G  Circuit  Connectors 

I 

I  Company . 


sonable  accuracy  between  10  to  15 
cycles,  and  1  to  1.5  megacycles. 

The  instrument  is  also  graduated 
in  decibels  and  covers  a  range  of 
minus  65  to  plus  45  from  a  reference 
level  of  6  milliwatts  into  500  ohms. 
The  input  resistance  is  2  megohms. 
A  ten-pOsition  pushbutton  switch 
mounted  on  the  front  panel  allows 


mm 


SELENiUlVl 

RECTIFIERS 


ALLEN 


liiutfrated 

oVciftcible  on  request^ 
slMNr>  more  models  0 
sdeiihmi  rectifiers,  plus 
o  thie  o4  copper  oxide 
recfl^^  and  pholooi^iL 


Wnie  for  Bradbir 


BRADLEY 

LABORATORIES,  INC. 


82  Meadow  St  New  Haven  10,  Conn 


of  bends  and  angles,  the  various 
microwave  conductors  made  from 
flexible  tubing  are  necessary.  Illus¬ 
trated  are  a  section  of  tubing  and 
below  it,  a  finished  wave  guide. 

Railroad  Antenna 

American  Phenolic  Corp.,  Chicago 
50,  Ill.,  has  designed  a  broad  band 
160  megacycle  ground  plane  antenna 


accurate  to  a  high  Class  3  nt,  with  per¬ 
fectly-formed  hex  sockets.  The  screws 
can  be  held  on  either  end  of  the  handy 
hex  keys  and  turned  into  the  tapped 
hole  without  fingering.  Allen  Hand 
Drivers  are  available  to  facilitate  fast 
assembling. 

In  radio  and  television  sets,  radio  telephones, 
radar  equipment,  electronic  controls,  these 
screws  HOLD  fine  adjustments  and  intricate 
assemblies. 

Order  ef  your  local  Industrial  Distributor 


THE  ALLEN  MFC.  CO., 

HARTFORD  1,  CONN.,  U.  S.  A. 
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the  first  really  new  communications  receiver  in  years 


The  crowd  was  so  dense  around  the 
Cardwell  Fifty-Four  at  the  Radio  Parts 
Show  in  Chicago  that  we  thought  it 
would  be  only  »ir  to  give  you  another 
look  at  it.  Here  it  is.  Check  and  compare 
these  18  outstanding  features — then  plan 
to  order  by  September. 

1.  Full  Turret  Type  R.  F.  Section. 

(Sturdy  cast  aluminum  construaion  assures  ab¬ 
solute  mechanical  and  elearical  stability.) 

2.  Wide  Frequency  Coverage. 

(Range  .54  to  54.0  mcs.  Basic  turret  covers  .54 
through  40  mcs.  Extra  coil  strip  supplied  with  set 
extends  range  to  54  mcs.  and  can  be  installed  in 
ten  minutes  using  only  a  screwdriver.) 

3.  Secondary  Frequency  Standard. 

(Unique  type  crystal  calibrator  provides  check 
points  of  either  100  or  1000  kcs.  and  can  also  be 
used  to  check  sensitivity  or  realign  set.) 

4.  "Custom  Built"  Gang  Condensers  by 
Cardwell. 

(STANDARD  OF  COMPARISON.) 

5.  Variable  Selectivity  Crystal  Filter. 

(Combined  with  variable  selectivity  1.  F.  ampli¬ 
fier  circuit  allows  choice  of  5  decrees  of  selec¬ 
tivity — three  with  crystal,  two  without.) 

6.  Exceptionally  Good  Signal  to  Noit# 
Ratio. 

(Two  grounded  grid  R.F.  amplifier  stages  O- 
sure  actual  receiver  noise  lem  thao  6  db  ebovo 
thermal !) 

electronics  — 1946 


7.  New  Type  Noise  Limiter. 

(A  really  effective  aid  in  reducing  local  ignition 
interference  and  similar  noises.) 

8.  Electrical  Band  Spread. 

(Band  spread  scales,  excluding  standard  broad¬ 
cast,  calibrated  directly.  Arbitrary  scale  0-100 
also  visible  on  each  setting.) 

9.  Large  Direct  Reading  Precision  Dials. 

(Excellent  visibility — pointer  travel  better  than 
lO'/i  inches  on  every  range — velvet  smooch  dial 
action  that  is  a  pleasure  to  use.) 

10.  Temperature  Compensated  Oscillator. 

(Stability  is  better  than  25  parts  per  million  pei 
degree  centigrade.  V.R.  tube  maintains  maximum 
frequency  stability  against  line  voltage  fluctua¬ 
tions.) 

11.  Mechanical  Coupling  Provisions. 

(Control  shafts  are  brought  out  at  rear  for  linkage 
to  other  units  such  as  a  transmitter  exciter.) 

12.  All  Miniature  Tubes. 

(18,  including  rectifiers.) 


13.  Threshold  Squelch. 

(Operating  level  controllable  from  5  to  100,000 
micro  volts.) 

14.  Panoramic  Adaptor  Jock. 

(Provision  is  made  for  connecting  a  panoramic 
adaptor  unit.) 

15.  All  Aluminum  Unit  Construction. 

(Receiver  and  power  supply  combined  in  one 
sturdy  lightweight  unit  18%^  wide  x  16"  deep  x 
11"  high.  Weight  approximately  70  lbs.) 

16.  Heavy  Duty  Speaker. 

(Compact  tilting  unit  9%"  wide  x  S'/i"  deep  x  11" 
high  for  wall  or  table  moonting.  Angle  of  sound 
projection  adjustable  to  individual  preference.) 

17.  Eight  Watts  Audio  Output. 

(Push-pull  class  AB — with  four  output  imped¬ 
ances.  Connections  are  provided  for  feeding  the 
audio  section  from  an  external  source  such  as 
phono  pick  up  or  microphone.) 

18.  Rack  Mounting  Model. 

(Will  be  available.) 


WRITE  FOR  COMPUTE  TECHNICAL  BULLETIN 


THE  ALLEN  D.  CARDWELL  MANUFACTURING  CORRe 


MAIN  OFFICE 
8  FACTORY: 


97  WHITING  STREET 
PLAINV1LIE«  CONN. 


ELECTRIC  PLANTS 


Model  shown  is  from  W2C 
series:  2000  to  3500  watts; 
powered  by  Onon  two-cyl> 
inde/,  water-cooled  engine 


for  two-way  communication  between 
train  and  fixed  station  and  end-to- 
end  service.  This  antenna  utilizes 
the  metal  top  of  the  car  for  its 
ground  plane.  It  is  fed  by  armored 
52-ohm  coaxial  transmission  line. 
The  radiation  pattern  in  the  hori- 


FOR  RADIO  AND  ^ 
ELECTRONIC  APPLICATIONS 

ONAN  E^CTRIC  GENERATING  PLANTS 
supply  reliable,  economical  electrical  service 
for  electronics  and  television  applications  as 
well  as  for  scores  of  general  uses. 

Driven  by  Onon  4-cycle  gasoline  engines,  these 
power  units  are  of  single-unit,  compact  design 
,  and  sturdy  construction.  Suitable 

lor  mobile,  stationary  or  emer- 
gency  service. 


Capacity  rang*:  350  to  35,000 
woHt;  115  to  660  voHs  A.C., 
50  to  800  cycl*«;  6to  800  voHc 
D.C.;  combination  A.C.— *D.C. 


zontal  plane  is  circular  in  shape  and 
the  voltage  standing  wave  ratio  is 
less  than  1.5  to  1  from  152  to  162  me. 
The  gain  of  the  antenna  is  0.5  deci¬ 
bel  less  than  a  dipole.  The  assembly 
is  constructed  of  steel,  heavily  cad¬ 
mium  plated  and  has  an  overall 
height  of  14i  in.  It  is  secured  to  the 
car  by  three  i-20  bolts. 


Miniioapolis  5,  Mina. 


3553  Royoistoa  Av*. 


F-m  Railroad  Equipment 

Westinghouse  Electric  Corp.,  Box 
868,  Pittsburgh  30,  Pa.,  has  designed 
f-m  equipment  for  short-range  com¬ 
munication,  as  between  locomotive 
and  caboose,  using  the  152-162  mega¬ 
cycle  band.  There  are  fixed  station 
assemblies  for  use  in  stations  and 
yards,  and  mobile  assemblies  equip¬ 
ped  with  rotary  converters  to  make 
equipment  operable  from  either  32 
or  64-volt  d-c  supplies.  The  equip¬ 
ments  are  crystal  controlled  and 
otherwise  designed  for  foolproof 
operation  in  this  exacting  service. 


LARGEST  AND  MOST  COMPLETE 
STOCKS . . .  Under  One  Roof 

You’ll  find  this  new  Buying  Guide 
extremely  helpful  and  valuable  today! 

Places  over  10,000  items  at  your  makes  here  in  one  large  central  stock 

finger  tips— for  research,  mainten-  to  give  you  faster,  more  efficient,  more 

ance  and  production.  Includes  parts,  complete  service— saves  you  time, 
tubes,  tools,  books,  test  instruments,  work  and  money.  Whatever  you 

public  address  and  communications  need  ...  it  pays  to  check  with  Allied, 

equipment.  Concentrates  all  leading  Write,  wire  or  'phone  Haymarket  6800. 


Aircraft  Transmitter 

Maguire  Industries,  Inc.,  1437 
Railroad  Ave.,  Bridgeport,  Conn.,  an¬ 
nounce  the  Skyline  aircraft  radio 
transmitter.  Model  ART-1  compris¬ 
ing  an  8-watt,  3,105-kc  crystal-con¬ 
trolled  unit  with  a  working  range 
of  from  15  to  30  miles  on  a  fixed 
antenna.  The  necessity  of  a  trail¬ 
ing  wire  is  eliminated  by  an  antenna 
loading  coil,  adjustable  for  reso¬ 
nance  with  any  fixed  antenna  from 
11  to  40  feet  long.  Storage  battery 
drain  is  5  amperes  while  actually 
transmitting.  The  transmitter  and 


833  W.  Jackson  Blvd.,  Dept.  24  G-6,  Chicago  7,  Illinois 
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INSTRUMENT  DIVISION 


H  GHBURY 


LONDON  N.5. 


ENGLAND 


CABLE  ADDRESS:  Amplifiers  London 


CABLE  CODES:  Bentley's 


Model  339  D.  B.  OSCILLOGRAPH,  PRICE  £40  Net  F.O.B. 

PERFORMANCE  DATA 


TIME  BASE  .  .  .  S  — 250,000  c.p.s. 


AMPLIFIER 

1  stage 

2  stage  High  Gain 

Wide  Band 


Frequency  Band  Sensitivity 
Gain  in  c.p.s.  mV.RMS/m  m 
28  10—  100,000  43.0 

900  10—  100,000  1.3 

108  10  —  2,000,000  10.0 


Seven  years  after  its  appearance  in  1938,  the  Cossor  Double  Beam  Oscillograph  is  still  unique.  The 
intrinsic  value  of  the  technique  introduced  by  this  instrument,  which  provides  true  simultaneous  indi¬ 
cation  of  any  effects  on  a  common  time  axis,  has  long  been  proved  in  all  fields  of  research  and 
production  testing— 'both  on  recurrent  and  transient  work.  It  is  an  understatement  to  say  that  prac¬ 
tice  has  revealed  no  sphere  of  investigation  where  its  use  is  not  at  least  advantageous.  Although  of 
enhanced  performance,  the  instrument  is  in  essence,  an  oscillograph  of  conventional  design  in  which, 
through  the  interchangeability  of  COSSOR  single  and  double  beam  trapezimum-corrected  tubes,  true 
double  beam  technique  has  been  provided  without  inherent  limitations  or  distortions.  These  funda¬ 
mental  qualities  have  been  responsible  for  its  selection  as  the  standard  Oscillograph  for  most  of  the 
Allied  Nations'  Armed  Services.  Thus  precluded  earlier  from  acquainting  American  users  of  the 
"double  beamer",  we  are  now  able  to  make  good  this  omission  and  satisfy  also  the  friendly  urging 
of  A.E.F.  Technicians  who  have  all  wanted  "the  folks  back  home"  to  know  about  it. 


OSCILLOGRAPH 


CWSSOII 


Lid 


A.  C. 


presenting  the 
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power  supply  are  incorporated  in  a 
single  housing  and  are  remotely  con¬ 
trolled.  This  feature  facilitates  the 
mounting  of  the  equipment  since  the 
unit  may  be  fastened  in  any  out-of- 
the-way  place  and  only  the  remote 
control  box  need  be  placed  within 
reach  of  the  pilot. 


Kwikheat  is  as  modern  os 
tomorrow— the  only  solder* 
ing  iron  with  built-in  ther¬ 
mostat  plus  the  many  other 
valuable  features  shown  be¬ 
low.  Compare  your  present 
soldering  equipment  with 
Kwikheat  and  you'll  agree 
—from  tip  to  plug  Kwikheat 
is  in  a  class  by  itself! 

list  ..$11.00 


Beam  Antenna 

The  Workshop  Associa'tes,  66  Need¬ 
ham  St.,  Newton  Highlands  61, 
Mass.  Designed  primarily  for  opera¬ 
tion  in  the  amateur  2-meter  band, 
a  6-element  beam  antenna  is  now 
available  for  either  point-to-point 
use  or  adapted  to  rotary  motion. 
The  radiating  and  reflecting  ele¬ 
ments  are  made  of  half  inch  alumi¬ 
num  tubing  sealed  at  the  ends  and 
supported  in  two  heavy  plastic  heads. 
The  half-power  angle  of  either  the 
vertical  or  horizontal  pattern  is  be¬ 
tween  60  and  70  degrees.  Fifty-ohm 
coaxial  line  is  used  to  feed  the  array. 


ALTEC  LANSING 

«odulatio»»  Analy*®'' 


KWIKHEAT 

is  modern  in 
every  respect! 


What  happens  when  a  string  bass 
and  piccolo  sound  out  together! 
Any  distortion?  Intermodulation? 
This  intermodulation  analyzer,  de¬ 
signed  by  Altec  Lansing  for  mea¬ 
suring  the  efficiency  of  their  own 
amplifier  and  loudspeaker  systems, 
will  let  you  see  the  results  at  a 
glance.  No  calculations  are  neces¬ 
sary.  A  five-minute  check  on  the 
Altec  Lansing  Intermodulation 
Analyzer  gives  you  the  information 
it  takes  hours  to  get  by  other 
methods.  Available  for  Prompt 
Delivery, 


•  HOT  IN  90  SECONDS 

•  HEAT  CONTROL 
tUILT  -IN 


Film  Dictating  Machine 

Miles  Reproducer  Co.,  Inc.,  812 
Broadway,  New  York  3,  N.  Y.  The 
Filmgraph  Model  HM  electronic  dic¬ 
tating  machine  is  completely  self- 
contained.  The  recording  medium  is 
a  film,  i;  inch  wide,  which  provides 
100  sound  tracks.  A  numbered  dial 
allows  quick  selection  of  the  desired 
track  and  a  footage  dial  completes 
the  indexing  mechanism.  Each  film 
roll  provides  about  33  hours  of  re- 


•  LESS  RETINNING 
NEEDED 

•  LIGHT  WEIGHT  — 

OZ. 

•  COOL  PROTECTING 
HANDLE 

•  HEAVY  POWER  — 

22S  WATTS 

•  EXTRA -DURARLE  TIPS 


TIP  STYLES 


UWSIHG  CORPORATION 


250  West  57th  St. 
New  York  19.  N.Y. 
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Improved  Performance 
Greater  Convenience 
Longer  Life 

•  This  new  Type  V-5  VARIAC  replaces  the  popular  Type 
200-C.  Through  entirely  new  design  and  radical  changes  in 
basic  structure  the  new  model  is  25%  lighter,  with  the  same 
rating  of  860  va.  This  is  achieved  both  through  improved 
magnetic  performance  of  the  core  and  less  copper,  and  through 
use  of  aluminum  in  most  of  the  structure. 

Some  of  the  new  VARlAC’s  many  features  are  listed  at  the 
right.  Externally,  the  new  VARIAC  has  been  streamlined  to 
eliminate  all  sharp  corners.  The  cord  on  the  mounted  model  is 
arranged  to  be  wound  around  the  VARIAC,  plugged  into  the 
outlet,  and  then  used  as  a  carrying  strap. 

This  is  the  first  radical  change  in  basic  design  of  the  VARIAC 
since  it  was  introduced  by  G-R  almost  15  years  ago.  These 
many  changes  were  made  not  to  dress  up  the  VARIAC  in  a 
new  case  but  to  provide  real  improvements  to  better  its  per¬ 
formance,  increase  its  convenience  and  lengthen  its  life,  and 
to  be  sure  that  when  you  use  a  VARIAC  you  are  using  the  best 
means  possible  for  controlling  any  alternating-current  oper¬ 
ated  device  where  perfectly  s-m-o-o-th  variation  in  voltage  is 
desired. 

TYPE  V-5  860  va  VARIAC 

TYPE  STYLE  PRICE 

V-5  Basic  (115-volt  input)  unmounted  model  $16.50 

V-5M  Above  with  protective  case  around  winding  17.50 

V-5MT  A  V-5  with  protective  case,  terminal  cover, 

6-fooC  cord,  switch  and  outlet  20.00 

V-5H  Same  as  V-5,  except  for  115-  or  230-volt 

input  21.50 

V-5MM  Same  as  V-5M,  except  for  115-  or  230-volt 

input  22.50 

V-5HMT  Same  as  V-5MT,  except  for  115-  or  230- 

volt  input  25.00 

WRITE  FOR  COMPLETE  DATA 


New  G-R  Unit  Brush  —  lew  sprsmg  weight  reducet  ham¬ 
mering  and  arcing  under  vibration  —  correct  pressure  pro¬ 
vided  by  coil  spring  —  holder  cannot  make  contact  with 
winding  and  cause  short-circuit  —  brush  changed  quickly 
without  tools. 

New  grain-oriented  core  of  cold-finished  silicon-steel  with 
guaranteed  maximsem  core  loss  —  strip  wound. 

Three  rubber  feet  prevent  marring  table  top  and  make  it 
unnecessary  to  screw  units  down  to  prevent  slippage. 
Aluminum  structure  contributes  to  greatly  increased  osst- 
put  per  posmd. 

Only  two  screws  hold  both  cast  and  terminal  cover  —  a 
screwdriver  or  a  spare  dime  remote  each  in  a  second. 
Heavy-duty  switch  breaks  both  sides  of  the  line^  in  mounted 
models. 

Polarity  indication  provided  in  convenience  outlet  —  useful 
if  one  side  of  line  is  grounded. 

Improved  molded  terminal  plate  protected  by  a  rrutalf 
jiber-litud  coter  —  molded  barriers  between  terminals  pre¬ 
vent  short-circuits  from  whiskers  on  stranded  wire  —  both 
screw  and  solder  terminals  —  engraved  circuit  diatom 
shows  normal  VOLTAGES  between  terminals  —  i  extra 
terminals  for  use  with  auxiliary  transformers. 

New  resilient  stop  allows  brush  arm  to  bounce  instead  of 
break  if  you  are  too  vigorous  in  rotating  knob. 

BIG  calibration  figures  and  extra  points  on  dial  —  easy 
to  read  at  a  distance  —  easier  to  reset  —  pointer  provided 
for  panel  mounting. 

A  single  screw,  readily  accessible  under  dial,  loosens  shaft 
for  reversing  dial  and  knob  to  change  from  table  to  panel 
mounting  without  affecting  brush  or  stop  settings. 

Newly  designed,  larger  knob  —  easier  to  hold  —  taster 
to  turn. 


GENERAL  RADIO  COMPANY 


Cambridge  39, 
Massachusetts 


TRACING  CLOTH 


HARD  PENCILS 


W’RlNCHlC 


cording  at  a  cost  of  about  five  cents 
an  hour.  Various  features,  such  as 
the  rapid  rewind,  automatic  voice- 
actuated  starter  and  hearing-aid  re¬ 
ceiver  (which  can  be  used  in  place  of 
the  loudspeaker)  make  the  device 
practical  for  operation  by  inexperi¬ 
enced  personnel.  Operated  from  a 
11 5- volt,  a-c  outlet,  the  equipment 
measures  13i  x  141  x  10  inches  and 
weighs  25  pounds. 


Tower  Beacon 

Andrew  Co.,  363  E.  75th  St.,  Chi¬ 
cago  19,  Ill.,  has  designed  the  type 
300MM  code  beacon  required  by  CAA 


Original 


SR^TITE 

WRENCH 

^jr  SPINS  With 
Ease  and  Speed 


Encourages  nimble  hands 
along  the  assembly  line. 
Made  in  eleven  sizes  from 
3/16"  to  5/8"  square,  hex 
or  knurled . 


for  radio  towers  over  150  feet  high. 
The  fixture  accommodates  two  500- 
watt  prefocus  lamps  and  is  equipped 
with  red  pyrex  filters  and  cylindrical 
fresnel  lens.  The  beacon  is  321 
inches  high. 


•  Imperial  Pencil  Tracing  Cloth  hat  the 
same  superbly  uniform  doth  foundation 
and  transparency  as  the  world  famous 
Imperial  Tracing  Cloth.  But  it  is  distinguished 
by  its  spedal  dull  drawing  surface,  on 
which  hard  pencils  can  be  used,  giving 
dean,  sharp,  opaque,  non>smudging  lines. 

Erasures  are  made  easily,  without 
damage,  it  gives  sharp,  contrasting  prints 
of  the  finest  lines,  it  resists  the  effects 
of  time  and  wear,  and  does  not  become 
brittle  or  opaque. 

Imperial  Pencil  Tradng  Ooth  is  right 
for  ink  drawings  as  well 


Literature - 

Chemicals  and  Hardware.  Walter  L. 
Schott  Co.,  Beverly  Hills,  Calif,  an¬ 
nounces  that  Catalog  No.  46  is  ready 
for  distribution.  The  16-page  cata¬ 
log  contains  a  complete  line  of  elec¬ 
tronic  hardware  items  and  radio 
chemicals  and  may  be  obtained  free 
of  charge  by  writing  to  Dept.  125. 

Stage  Switchboard.  Ward  Leonard 
Electric  Co.,  31  South  Street,  Mount 
Vernon,  N.  Y.  has  prepared  a  12- 
page  bulletin  describing  a  new  line 
of  electronic  reactance  dimmers  for 
control  of  modern  stage  lighting. 
Bulletin  74  includes  simple  equip¬ 
ment  suitable  for  a  school  auditor¬ 
ium  and  more  complicated  desk  type 
switchboards  for  large  theatres. 

Quartz  Crystals.  Standard  Piezo 
Co.,  Carlisle,  Pa.,  manufacturer  of 
quartz  crystals  has  published  a 


IMPERIAL 

PENCIL 

TRACING 

CLOTH 


POPULAR  ...  j 

SPINTITE 
T  73  SET  Handles 

A  useful  Tool  in  every 
Radio  and  Electrical  Shop. 

Deluxe  T-8  SET  the  same 
with  Plastic  Handles 


S«nd  lor  Catalog  _  .  ^  ^  . 

141  picturing  Air- 

craft  Radio  and  wORCeSTCR 

Axilomobilo Tools. 
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GOVERNMENT-OWNED 

ELECTRON  TUBE  PLANTS 

FOR  SALE  or  LEASE 


Your  local  War  Assets  Administration  Real  Property  Division  maintains  engineering, 
architectural  and  other  current  information  concerning  these  and  many  other  govern¬ 
ment-owned  surplus  plants. 

Competent  personnel  will  assist  you  in  arranging  for  personal  inspection  of  properties, 
the  study  of  detailed  technical  information,  and  the  negotiation  of  a  mutually  advan¬ 
tageous  agreement  for  the  acquisition  of  these  or  other  surplus  facilities. 

These  plants  have  machinery  and  equipment  especially  designed  for  the  manufacture 
of  radio  receiving  tubes. 


Bowling  Groon/Kontucky  (Navy  NOBs  2021) 

Gonoral  Eloctric  Co. 

(Kon-Rod  Division) 

LAND:  Approx.  acres,  approx.  1  mile  from  business 
district. 

FLOOR  AREA:  Total  approx.  80,943  sq.  ft. 
MACHINERY  AND  EQUIPMENT:  Standard  and 
special  production  machinery  for  making  radio  receiving 
tubes  including  laboratory  and  testing  equipment. 
UTILITIES:  Complete. 

RAILROAD:  The  nearest  available  shipping  facilities 
by  rail  are  approx,  one  mile  from  the  plant.  War  Assots 
Administrofion,  LOUISVILLE,  KENTUCKY. 

Montoursvillo,  Ponnsylvania  (Plancor  399) 

Sylvania  Eloctric  Products 
LAND:  Approx.  18  acres. 

FLOOR  AREA:  Approx.  99,441  sq.  ft. 

MACHINERY  AND  EQUIPMENT:  Standard  and 
special  production  machinery  for  making  radio  receiving 
tubes  including  laboratory  and  testing  equipment. 
UTILITIES:  Complete. 

RAILROAD:  The  Phila.  &  Reading  R.  R.  has  a  sidii^ 
at  Montoursville,  about  1  mile  from  plant.  WRITE  OR 
CALL  FOR  ILLUSTRATED  BROCHURE.  War  Assots 
Administration,  PHILADELPHIA,  PENNSYLVANIA. 

• 

Brookvillo,  Pennsylvania  (Plancor  1479) 

Sylvania  Eloctric  Products 

LAND:  Approx.  6}4  acres. 

FLOOR  AREA:  Total  approx.  36,447  sq.  ft. 
MACHINERY  AND  EQUIPMENT:  Standard  and 
special  production  machinery  for  making  radio  tubes. 
UTILITIES:  Available. 

RAILROAD:  Siding  a  few  blocks  from  plant  served  by 
Penna.  R.  R.  WRITE  OR  CALL  FOR  ILLUSTRATED 
BROCHURE.  War  Assots  Administration,  CLEVELAND,  OHIO. 

Wakoflold,  Massochusotts  (Plancor  1479) 

Sylvania  Eloctric  Products 
LAND:  Approx.  %  acre. 

FL(X)R  AREA:  Total  approx.  30,463  sq.  ft. 
MACHINERY  AND  EQUIPMENT:  Special  produc¬ 
tion  machinery  for  making  radio  tubes. 

UTILITIES:  Available. 

RAILROAD:  Boston  &  Maine  R.  R.  sidings  2  blocks 
from  plant.  WRITE  OR  CALL  FOR  ILLUSTRATED 
BRO(JHURE.  War  Assets  Administration,  BOSTON,  MASS. 

• 

Towonda,  Pa.  (Plancor  1479) 

Sylvania  Eloctric  Products 
LAND:  Approx.  1  acre. 


FLOOR  AREA:  Total  approx.  18,560  sq.  ft. 
MACHINERY  AND  EQUIPMENT:  Production  ma¬ 
chinery  for  the  manufacture  of  small  tungsten  rods  an^P 
small  wire  for  radio  tubes.  Laboratory  and  testing  equip¬ 
ment. 

UTILITIEIS:  Available. 

RAILROAD :  Siding  from  the  Lehigh  Valley  R.  R.  War 

Assets  Administration,  PHILADELPHIA,  PENNSYLVANIA.' 

• 

Toll  CHy,  Indiana  (Plancor  1668) 

Gonoral  Eloctric  Co. 

Kon-Rod  Division 

LAND:  Approx.  16  acres. 

FLOOR  AREA:  Total  approx.  80,992  sq.  ft. 
MACHINERY  AND  EQUIPMENT:  Standard  and 
special  production  machinery  for  making  radio  receiving 
tubes. 

UTILITIEIS:  Complete. 

RAILROAD:  Branch  line  of  the  Southern  Railway  Co. 
about  1  mile  from  plant.  WRITE  OR  CALL  FOR  IL¬ 
LUSTRATED  BROCHURE.  War  Assets  Administration, 
LOUISVILLE,  KENTUCKY. 

• 

Newton,  Massachusetts  {Plancor  1796) 

Raytheon  Manufacturing  Co. 

LAND:  Approx.  1  acre. 

FLOOR  AREA:  Total  approx.  42,371  sq.  ft. 
MACHINERY  AND  EQUIPMENT:  Standard  and 
special  production  machinery  for  making  radio  receiving 
tubes  including  laboratory  and  testing  equipment. 
UTILITIES:  Complete. 

RAILROAD:  Boston  and  Maine  and  Boston  and  Albany 
R.  R.  within  short  distance  from  plant.  WRITE  OR 
CALL  FOR  ILLUSTRATED  BROCHURE.  Wor  Assets 
Administration,  BOSTON,  MASSACHUSETTS. 


CREDIT  TERMS  MAY  BE  ARRANGED  FOR  THE 
PURCHASE  OP  THESE  PLANTS 

The  War  Assots  Administration,  a  disposal  agency,  invites 
proposals  for  the  purchase  or  lease  of  the  properties  described 
in  this  advertisement  in  the  interest  of  continued  employment. 
These  properties  were  acquired  by  various  agencies  of  the 
Government  for  production  in  the  war  effort,  and  are  now,  or 
shortly  will  be,  declared  surplus  to  Government  needs.  Listing 
of  these  plants  by  name  of  lessee  is  for  identification  purposes 
only,  and  has  no  connection  with  the  lessee's  own  plants  or 
facilities.  All  data  contained  herein  ore  necessarily  abbreviated 
and  subfect  to  correction.  They  are  not  intended  for  use  as  a 
basis  for  negotiations.  WAR  ASSETS  ADMINISTRATION  re¬ 
serves  the  unqualified  right  to  reject  any  or  all  proposals  or 
offers  received  for  the  above  properties. 


Address  alt  inquiries  and  proposals  to: 

OFFICE  OF  REAL  PROPERTY  DISPOSAL 

War  Assets  Administration 


MtINOPAL  OFFICES  LOCATED  AT:  ARANTA  •  BOSTON  •  CHICAGO  •  CLEVELAND  .  DALLAS  •  DETROIT  •  KANSAS  CITY,  MO.  •  LOS  ANGELES  •  NEW  YORK 
PHILADELPHIA  •  PORTLAND,  ORE.  •  RICHMOND  •  ST.  LOUIS  •  SAN  FRANCISCO  •  Local  RegfomW  Offices  focated  of:  Birmingham  •  Charlotte  •  Denver 
Helena  •  Houston  •  Jacksonville  •  Little  Rock  •  Louisville  •  Minneapolis  •  Nashville  •  New  Orleans  •  Oklahoma  City  •  Omaha  •  Salt  Lake  City  •  San  Antonio 

Seattle  •  Spokane  •  Cincinnati  •  Fort  Worth  582-T 
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PRECISION  PROIECTED! 


SMALL  FINE  PITCH  GEARS 


HELD  AS  CLOSE  AS  .0005 


SLIP-RING  AND  COMMUTATOR  BRUSHES  AND  CONTACTS 


16-page  illustrated  catalog  describ¬ 
ing  its  product.  Standard  units  are 
available  and  a  new  midget  series 
operating  in  the  frequency  range 
900  to  20,000  kc  and  measuring  7/8 
inch  in  diameter,  7/32  inch  thick 
and  weighing  1/2  ounce  is  featured. 

Panoramic  Handbook.  Panoramic 
Radio  Corp.,  242-250  W.  55th  St., 
New  York  19,  N.  Y.  Although  this 
booklet  is  designed  as  an  instruc¬ 
tion  manual  for  the  use  of  the  Model 
PCA-2  Panadaptor,  it  serves  to 
show  how  the  panoramic  system  of 
visual  reception  operates.  Its  34 
well-illustrated  pages  describe  the 
various  functions  which  can  be  per¬ 
formed,  such  as  measuring  the  devi¬ 
ation  caused  by  modulation  in  a  fre¬ 
quency-modulated  signal,  as  a 
modulation  indicator  and  for  the 
analysis  of  keying  transients,  as 
well  as  the  accurate  determination 
of  carrier  frequency.  The  price  is 
50  cents. 

Electronic  Pyrometer.  Bailey 
Meter  Co.,  1050  Ivanhoe  Road, 
Cleveland  10,  Ohio.  A  16-page 
bulletin  No.  232  describes  the  new 
Pyrotron  electronic  potentiometer 
pyrometer  and  illustrates  various 
indicating,  recording  and  control¬ 
ling  combinations.  Performance 
data  and  principles  of  operation  are 
included  in  this  bulletin. 


Actual  gear  production  requirements  such  as  these,  with  forms 
and  sizes  shown  exaggerated,  are  only  a  few  typical  examples  of 
work  produced  by  Beaver  Gear  craftsmen.  Finely  finished,  ac¬ 
curate  blanks  are  prepared  and  inspected,  providing  controlled 
quality  all  the  way  through  the  final  gear  cutting  operation. 
Consult  Beaver  Gear  Engineers  for  your  precision  gear  re¬ 
quirements  in  Kadio,  Communications,  Electronics,  and  Instruments. 

W'r//^  for  copy  of  oitr  new  bnlletin  JescrA- 

mg  Beaver  Gear  facilities  and  methods. 


Research  Report.  Armour  Re¬ 
search  Foundation  of  Illinois  Insti¬ 
tute  of  Technology,  Chicago,  Ill. 
The  9th  annual  report  of  this  Foun¬ 
dation  occupies  20  pages  and 
touches  upon  many  electronic  de¬ 
velopments  such  as  the  magnetic 
wire  sound  recorder,  cathode-ray 
tube  screen,  voltage  regulator,  radio 
and  radar  components  and  the  a-c 
network  calculator.  In  this  pub¬ 
lication  are  described  other  bulle¬ 
tins  issued  by  the  Foundation  of 
interest  to  industry. 

Resistor-Capacitor  Catalog.  Sprague 
Products  Co.,  North  Adams,  Mass., 
has  just  issued  a  new  40-page  cata¬ 
log  describing  its  line  of  resistors 
and  capacitors,  testing  equipment 
and  radio  interference  filters  for  ra¬ 
dio  service  and  experimental  use. 

Flow-Rate  Meter.  Fischer  &  Porter 
Co.,  Department  2N-4,  Hatboro,  Pa. 
Catalog  52-A  describes  an  electronic 
low-flow-rate  measuring  instrument 
which  indicates  accurately  drop  by 
drop  flow'  rates  down  to  less  than  5 


All  invitafion  to  All  Electrical  Designers  to 


TRY  SILVER  GRAPHALLOY 


FOR  BRUSHES  FOR  CONTACTS 

High  current  density,  low  contact  drop,  low  Low  contact  resistance  and  non-wetding 
electrical  noise,  end  self-lubrication  are  when  breaking  surge  currents  are  inherent 
characteristics  of  this  silver-impregnated  properties  of  this  unique  combinotion  of 
molded  graphite  that  may  be  the  answer  conductive  silver  and  self-lubricating 
to  your  electrical  brush  problems  graphite 

SAMPLES  of  Silvr  Graphalloy  will  be  gladly  fvrnishod  for  tost  on  your  applicatiotit. 
Silver  Grophalloy  it  usually  silver  plated  to  permit  easy  soldering  to  leaf 
springs  or  holders.  Why  not  WRITE  NOW  for  your  test  samples? 


GRAPHITE  METALLIZING  CORPORATION 

1055  NEPPERHAN  AVE  •  YONKERS.  NEW  YORK 


ELECTRONICS 


more  efficient 
. . .  in  miniature 


TUNG- SOL  LAMP  WORKS,  INC.,  NEWARK  4,  NEVi  JERSEY 

Sales  Offices:  Atlanta  •  Chicago  •  Dallas  •  Denver  •  Detroit  •  Los  Angeles  •  New  York 
Also  Manufacturers  of  Miniature  Incandescent  Lamps,  All-Glass  Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 


W  ith  the  aid  of  a  little  hand  micro¬ 
phone,  the  ship’s  officer,  speaking  in  a  normal  voice, 
can  be  heard  by  any  vessel  in  the  fleet.  Contrast  this 
to  the  ineffectual  bellowings  through  the  huge 
megaphone  of  yesterday.  The  trend  of  science  has 
been  to  develop  greater  efficiency  in  miniature.  It 
was  true  of  the  megaphone,  it  is  true  of  the  elec¬ 
tron  tube. 

TUNG-SOL  Miniatures  offer  many  advantages, 
especially  in  high-frequency  currents.  They  are 
more  impervious  to  shock  and  vibrations.  The  glass 
bases  have  better  dielectric  properties.  They  offer 


TUNG-SOL 

mMa/icn  - 


lower  lead  inductance,  lower  inter¬ 
element  capacitance  and  higher 
mutual  inductance. 

TUNG-SOL  engineers  will  be  glad 


to  help  you  interpret  your  tube  re-  actual  size 
quirements  in  terms  of  Miniatures. 

TUNG-SOL  is  a  tube  manufacturer,  not  a  set 
builder.  The  disclosures  of  your  plans  you  make 
in  consultation  will  be  held  in  strictest  confidence. 
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HARVEY 

has  greatly  needed 
(omponents  for 
engineers  and 
experimenters 


full  line  of 

Shallcross  Instruments 

Horv«y  hat  Shollcroti  AA*atur(n0  lnttrum«ntt, 
known  in  both  loborotoriot  and  cloitrooms. 
In  stock  for  immodioto  dolivory.  llstod  or*  o 
fow  of  tho  moro  popwlor  numborst 

No.  630  Wliootstono  •ridge— Msnitres  rotli* 
tans*  from  .1  to  i  1,100,000  ohms.  Accuracy  botwece 
10  and  1,000,000  ohms  normally  bottor  than  I  par 
cent.  With  built'in  •alvanometer  havini  sonsitivity 
of  I  microampere  per  millimeter  division.  In  carry* 
Inf  case  with  removable  cover . S75.00 

Portable  Galvanemeters— Oonsitivo  palvanomcter 
housed  in  sturdy  ease  with  bindinp  pests  on  panel 
fer  external  connection.  Movement  has  lock  to  pro* 
vent  free  swiniinf.  No.  310,  in  oak  case.. $37.50 


Series  500  OeccNle  Resistance  Rexes 

Accuracy  0.1%  to  1% 


N*. 

OhM  Steps  Obmt  Total  Rwistaace 

Prlee 

543 

0.1 

1 

$13.50 

544 

1.0 

10 

13.50 

545 

10 

too 

13.50 

546 

too 

1,000 

13.50 

547 

1,000 

10,000 

15.00 

549 

.  10.000 

100,000 

17.50 

549 

100.000 

1,000,000 

37.50 

550 

1,000,006- 

10,000,000 

45.00 

Test  Equipment 

New  availfrfile— a  complete  selection  of  test 
equipment,  including  milliveitmeters,  micro* 
and  miiliammeters,  AC  and  DC  voltmeters, 
and  RF  meters,  produced  by  Weston,  West* 
Inghouse,  cmd  ether  quality  noanufacturers* 

Voltage  Regulating  Transformers 

Harvey  can  supply  the  Sola  conttant*voHato,  self* 
reiulatint  transformers.  No  movini  parts,  no  bal* 
lasts,  no  tubes.  Output  voltafo  maintained  within 
—1%  for  a  total  primary  variation  of  30*/«.  Eiimi* 
nates  manual  voltapo  adjustments;  results  in  better 
eperation,  lew  trouble,  lonier  life  for  important 
parts.  May  be  operated  in  parallel  for  iroator  out* 
put.  Refularly  supplied  in  sinilo  phase,  but  also 
available  for  3*phase.  Stock  models  provide  output 
voltapes  of  $.3,  115,  or  230  volts.  Input  voltaiw 
ranpe  95*125,  190*250,  95/190*125/250,  and  190/ 
390*250/500.  Power  ratini  ranges  from  15  VA  to 
10,000  VA.  Typical  typos,  all  95*125  volt  input: 

No.  301002—15  VA.  6.3  v.  output . S1S.50 

No.  30906—120  VA.  115  V.  output . $33.00 

No.  30907—250  VA,  115  V.  output . $53.00 


JUmemUK,  HARVEY 

fUiced.  Send  m  o\deK  now! 


RADIO  COMPANY  INC 


103  Wost  43rd  Now  York  18,  N.  Y. 


milliliters  of  liquid  per  minute  and 
gases  to  less  than  25  milliliters  per 
minute.  The  Rota-Tronic  remote  in¬ 
strument  utilizes  a  servo  motor  and 
an  electronic  power  relay  as  its 
principal  indicating  element. 

Audio  Publication.  Audio  Devices, 
Inc.,  444  Madison  Ave.,  New  York 
22,  N.  Y.,  publishes  a  4-page  monthly 
bulletin  known  as  Audio  Record, 
containing  items  of  interest  to  those 
using  transcriptions.  Among  the 
items  of  interest  in  the  current  is¬ 
sue  is  a  glossary  of  disk-recording 
terms. 

Vhf  Antenna.  Radio  Corporation  of 
America,  Camden,  N.  J.  The  type 
CA-la  (non-directional)  and  type 
CA-2a  (directional  antennas  are  de¬ 
scribed  in  a  2-page  leaflet  issued  by 
the  company.  The  antenna,  which  is 
of  the  ground-plane  type,  can  be 
used  in  the  frequency  range  30  to 
170  me. 

Loran  Publication.  The  Bureau  of 
Ships,  Navy  Department,  has  an¬ 
nounced  that  it  will  place  on  public 
sale  a  60-page  profusely  illustrated 
handbook  entitled  “Loran  Handbook 
for  Shipboard  Operators.”  Origi¬ 
nally  confidential,  the  pamphlet  is 
now  available  from  the  Superin¬ 
tendent  of  Documents,  U.  S.  Govern¬ 
ment  Printing  Office,  Washington, 
D.  C.  at  30  cents  a  copy. 

Amateur  Publication.  General  Elec¬ 
tric  Co.,  Schenectady,  N.  Y.  Titled 
Ham  News,  Vol.  1,  No.  1  of  a  new 
publication  addressed  to  the  ama¬ 
teur  radio  man  leads  off  with  a 
ten-meter  transmitter  description 
featuring  the  type  813  tube.  Two 
half-page  departments.  Questions 
and  Answers,  and  Tricks  and  Topics 
may  well  prove  of  interest  to  engi¬ 
neers.  The  four-page  leaflet  will  be 
published  bi-monthly. 

Microphone  Catalog.  Universal  Mi¬ 
crophone  Co.,  Inglewood,  Calif.,  has 
published  its  first  new  catalog  since 
1941 ;  eight  pages  in  standard  loose- 
leaf  size  list  the  entire  line  of  mi¬ 
crophones  and  recording  compon¬ 
ents.  A  preview  of  the  1947  line  is 
also  given. 

Belt  Manual.  J.  F.  D.  Manufactur¬ 
ing  Co.,  4111  Fort  Hamilton  Park¬ 
way,  Brooklyn,  N.  Y.  Any  service 


Development  of  for¬ 
mulations  rigidly  tested 
to  meet  exact  specifica¬ 
tions  has  made  Surprenant 
a  leader  and  authority  in 

the  field  of  plastics  insulated, 

• 

high  frequency,  low  loss  co¬ 
axial  cable  and  tubing.  A  diver¬ 
sity  of  facilities,  wide  range  re¬ 
search  and  engineering  service, 
unexcelled  laboratory  equipment, 
and  a  wealth  of  experience 
enable  us  to  match  in  every 
detail  the  ^  requirements  you 

name.  We  would  appreciate 
the  opportunity  to  furnish 
complete  technical  data. 


Dept.  C 


ELECTRICAL  INSULATION  CO, 


84  PurckAse  St., 


Boston  10,  Mass. 
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e  new  BCP  « 
ig  the  coinp>«‘* 

?j  t«at  instrw 


fully  engineered 
for  better 
industrial  testing 


Here  are  two  fine  RCP  instru¬ 
ments  that  will  serve  a  wide  va¬ 
riety  of  test  applications  in  your 
plant.  Developed  through  years  of 
scientific  research  and  engineering, 
these  testers  represent  the  most 
advanced  types  of  instrumentation 
for  modern  industry.  Greater  than 
ever  in  technical  refinements,  man¬ 
ufactured  to  close  tolerances  in 
every  detail— RCP  instruments 
make  testing  easier,  faster,  more 
exact.  Write  for  Catalog  No.  128 
and  see  why  RCP  gives  you  more 
instrument  value— feature  for  fea¬ 
ture,  dollar  for  dollar. 


ultra  sensitive  muititester 


MODEL  488A 


Dual  D.C.  sensitivity  of  1,000  ohms  per  volt  and  20,000  ohms  per  volt.  Design 
and  construction  have  been  field-proven  for  sustained  performance  by  many  of 
the  country’s  largest  manufacturers  of  radio,  electrical  and  electronic  products. 


★  A.C.  stHstttvity  1,000  ohms  per  volt  it 
Wide~scale,  2%  accurate,  4t/2"  meter  with 
movement  of  50  microamps,  -ic  Readings 
as  low  as  I  microamp.  and  0.25  ohms 
it  All  multipliers  are  matched  and  ac- 
curate  to  1%  it  Batteries  are  readily  ac¬ 
cessible  and  easily  replaced  it  Overall 
accuracy  of  3%  on  D.C.  and  5%  on  A.C. 
voltages  and  currents  it  Long,  insulated 
high  voltage  test  leads  it  Plug-in  type 
copper  oxide  rectifier 


I  - - _ 

Ammeter-  0/  ] 


Supplied  ready  to  operate,  complete  with  self-contained 
battery,  test  probes  and  a  convenient  carrying  case  with 
removable  cover.  Price:  $71.50 


pocket  muititester 


MODEL  449 


This  highly  accurate,  vest  pocket  size  model  is  custom-built  for  general  circuit 
testing  and  fast  trouble  shooting.  Despite  its  small  size,  this  meter  gives  you  the 
accuracy  of  any  large  instrument.  It  will  perform  dependably  anywhere  in  your 


factory.  — 

★  High  and  loir  rangex  ★  / 

.1"  .square,  high-vlsihilitif  I  voiu 

meter — accurate  to  it  I 

Senxitivitg  movement  of  I  ^so/ 

.iOO  microamps.  (5,000  ^  I  Mniia 

ohms  per  volt)  ★  Readily  '  I 
accessible  battery,  mounted  I  loo.om 
ill  spring  clips  it  Combines  I  Oeeiti 
(I  instruments  in  one  min-  I  to  +’4^ 
iuturc  unit  ★  Metallized,  I 

matched  voltage  multi-  I  One  of 

pliers  irith  tolerance  of  I  f 

J%  ★  Sensitive  zero  meter  I  ' 

adjusting  screw 

Housed  in  black  metal  case,  complete  with 

self-contained  batteries.  Price:  $24.50 


/  Volt. 

^00  0^/,®^»0^  10  00®; 

/,„,*•  +52  db"  j 

Of  500  'o  J 

""fo-  for  oik  I 

**‘Pplied.  ***"  I 


RADIO  CITY  PRODUCTS  COMPANY,  INC. 

New  York  1,  N.  Y. 


127  West  26th  Street,’ 

Manufacturers  of  Precision  Electronic  Limit  Bridges  •  Vacuum  Tube  Voltmeters  •  Volt-Ohm- Milliammeters  •  Signal  Generators  •  Analyzer  Units  •  Tube  Testers  •  Multiteslers 
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Talk  About 

PRODUCTION 


man  or  dealer  may  obtain  a  copy  of 
the  64-page  catalog  which  contains 
information  on  replacing  woven 
fabric  radio  dial  belts  for  over  1,500 
models  of  radio  receivers. 


Mycalex  Booklet.  General  Electric 
Co.,  Pittsfield,  Mass.  A  new  24-page 
booklet  describes  the  properties, 
available  types,  fabricated  parts 
and  machining  factors  for  six 
grades  of  Mycalex,  the  stone-like 
mica  and  glass  insulator. 

Transformers.  Acme  Electric  & 
Manufacturing  Co.,  Cuba,  N.  Y.  A 
12-page  well-illustrated  catalog  de¬ 
scribes  the  complete  line  of  power, 
audio  and  luminous  tube  trans¬ 
formers  together  with  the  manufac¬ 
turing  facilities  available.  Bulletin 
LT-156  describes  the  luminous  tube 
transformers  in  more  detail. 


4#000  Parts  Per  Day 
erilh  DI-ACRO  Bender 

Here  is  an  example  of  “DIE-LESS  DUPO- 
CATING’*  typical  of  a  great  variety  of 
foimed  parts  readily  made  with  DI-ACRO 
Precision  Machines, — Benders,  Brakes, 
Shears.  Picture  below  shows  an  acute  right 
angle  bend  and  photograph  above  shows  the 
finished  part  formed  to  die  precision.  Women 


“Enclosed  pictures  in  our  plant  prove  the 
DI-ACRO  Bender  will  do  a  real  production  job. 
We  are  making  4,000  completed  parts  per  day 
which  is  competitive  to  most  Power  Presses.” 
Q^ame  on  request) 


operating  DI-ACRO  units 
maintain  a  high  out-put  on 
production  work. 

Send  for  CATALOG 

showing  DI-ACRO  Precision 
Machines  and  many  examples 
of  parts  made  with  “DIE¬ 
LESS  DUPLICATING.” 
Pronouncsd  “DIE-ACK-RO”-^  i 


Strain  Gages.  Statham  Laboratories, 
8222  Beverly  Blvd.,  Los  Angeles  36, 
Calif.  A  price  sheet  and  catalog 
pages  are  available  describing  the 
strain  gage  operating  on  the  prin¬ 
ciple  of  a  change  in  the  electrical 
resistance  of  a  stretched  wire.  A 
line  of  pressure  transmitters,  and 
accelerometers  are  fully  explained 
!  and  described. 


321  EIGHTH  AVENUE  SOUTH 


Resistor  Catalog.  International  Re¬ 
sistance  Co.,  Philadelphia,  Pa.,  has 
just  started  distribution  of  Service 
Catalog  No.  50  describing  the  stand¬ 
ard  line  of  fixed  and  variable  resis¬ 
tors  now’  in  manufacture. 


To,  • 

overall 

{rarfomidnce 


Variable  Autotransformers.  Super¬ 
ior  Electric  Company,  Bristol,  Conn. 
Powerstats  in  the  2-kva  range  are 
described  in  the  new  Bulletin  30. 
These  variable  autotransformers 
provide  outputs  of  zero  to  somewhat 
higher  than  line  voltage  and  feature 
fuse  protection.  A  price  list  of  all 
types  is  included  with  the  catalog. 

Audio  Components.  Altec  Lansing 
Corp.,  250  W.  57th  St.,  New  York  19, 
N.  Y.  Components  such  as  loud¬ 
speakers,  audio  transformers  and 
package  units  like  amplifiers  are 
described  on  separate  sheets  or  fold¬ 
ers  furnished  by  the  company  which 
are  available  upon  request. 


#  This  unit,  generating  its  own 
frequency  or  synchronized  from  an 
external  source,  will  be  found  in¬ 
valuable  in  many  fields.  FM,  AM 
and  Television  Broadcasting — 
Telephone  and  Telegraph  Commu¬ 
nications — Manufacture  of  Trans¬ 
mitting  and  Receiving  Equipment 
and  Puts. 


#  Many  additional  functions  will 
recommend  it  for  use  in  school  and 
college  research  projects  and  in 
scientific  laboratories. 


For  additional  information  write: 
Electronics  Department, 
General  Electric  Company, 
Syracuse,  New  York. 


Insulating  Tubing.  Industrial  Syn¬ 
thetic  Corp.,  60  Woolsey  St.,  Irving¬ 
ton,  N.  J.  Voltron  is  a  flexible  plas¬ 
tic  for  electrical  insulation.  When 
used  as  a  transparent  sleeving  insu¬ 
lation,  it  permits  the  immediate  in- 


GENERAL 
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tZue^tiam: 


If 


you  have  any  manufacturing 
or  industrial  problem  that  could  or 
might  be  solved  by  a  special  fabric, 
the  chances  are  we  can  make  a  cloth 
to  meet  your  requirements. 

Just  tell  us  what  you  want  the 
cloth  to  do.  —  Give  us  the  specifi¬ 
cations.  What  tensile  strength 
(pounds  per  square  inch)  do  you 
want?  What  tear  strength  (Elmen- 
dorf )  should  it  have?  What  caliper 
(thousandths  of  an  inch)?  What 
stiffness  (Gurley)  ?  Do  you  want  it 
waterproof?  What  temperatures 
must  it  withstand?  How  about  sol¬ 
vents,  acids  and  alkalis?  What  di¬ 
electric  characteristics  are  necessary?  These  are  the  things 
we  want  to  know. 

By  filling,  impregnating  or  coating  various  fabrics 
(from  sheer  cambric  to  coarse  burlap)  with  plastics, 
resins,  starch  and  pyroxylin  we  can  produce  a  cloth 
with  almost  any  wanted  properties.  Write  our  Research 
Department  today. 

H  O  L  L  I  S  TO  N 

The  Holliston  Mills,  Inc. 


Norwood, 


Massachusetts 
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PRECISION  PARTS 


PRECISION 
IN  THE  NEWS 


Flash!  A  dramatic  news  event.  Pictures 
are  needed  across  the  country  for  a  late 
edition.  Rapidly  and  accurately,  these 
pictures  are  flashed  the  breadth  of  Amer¬ 
ica  over  a  thin  thread  of  wire  by  modern 
telephoto  equipment.  Here  is  an  essential 
part  of  such  equipment — a  motor  shaft — 
precision-made  by  Ace  to  take  its  part  in 
the  rapid  transmitting  of  news. 

First  it  was  precision-formed  on  auto¬ 
matics  from  bar  stock  centerless  ground  in 
our  own  shop.  At  the  same  time,  a  tiny 
drill  rod  insert  M"  long  and  in  diam¬ 
eter  was  formed,  heat-treated,  and  center¬ 
less  ground.  This  was  then  pre.ss-fed  into  a 
iie"  reamed  hole  at  the  end  of  the  shaft, 
never  to  be  removed.  Now,  the  4  main 
diameters  were  cylindrical  ground  on 
centers  to  a  concentricity  of  ±.0025', 
with  an  8-12  microinch  finish.  Finally,  an 
Acme  thread  was  ground,  also  concentric 
to  the  other  diameters. 

For  precision  in  production  quantities 
.  .  .  for  small  parts  and  assemblies  that 
require  stamping,  machining,  heat-treat¬ 
ing  and  grinding  .  .  .  you  need  go  no 
farther  than  Ace.  Send  a  sketch,  sample 
or  blueprint  for  quotation 


.  .  .  grinding  capactty  open  .  .  . 


ACE  MANUFACTURING  CORPORATION 
For  Pnchhn  Parts 

1255  E.  ERIE  AVE.,  PHILADELPHIA  24,  PA. 


spection  of  soldered  or  solderless 
connections  without  removal  of  the 
sleeve.  It  has  high  abrasion  and 
wear  resistance.  Test  data  is  pre¬ 
sented  in  a  brochure  available  from 
the  company. 

Testing  Plastics  Parts.  Society  of 
the  Plastics  Industry,  Inc.,  295  Madi¬ 
son  Avenue,  New  York  17,  N.  Y.  Ad¬ 
vance  chapter  No.  4  of  the  SPI 
Handbook  has  been  designed  as  a 
guide  to  industry  in  setting  up  its 
own  performance  tests  on  plastics 
parts.  The  general  principles  of 
product  testing  are  set  forth  in  a 
T4-page  booklet. 

Galvanometers.  Leeds  &  Northrop 
Co.,  4934  Stenton  Ave.,  Philadelphia 
44,  Pa.  Catalog  ED  comprising  37 
pages  of  complete  specifications, 
prices  and  illustrations  for  the  ex¬ 
tensive  line  of  d-c  and  a-c  galva¬ 
nometers  and  astatic  dynamometers 
is  now  available. 

Meter  Catalog.  Burlington  Instru¬ 
ment  Co.,  Box  589,  Burlington,  Iowa, 
has  recently  issued  Catalog  No.  46 
describing  a  complete  line  of  indi¬ 
cating  instruments  and  auxiliary 
equipment.  Complete  dimensional 
drawings  and  layouts,  ranges,  scale 
divisions,  resistances  and  list  prices 
are  included. 

Power  Transformers.  Jefferson 
Electric  Co.,  Bellwood,  Ill.  Bulletin 
461-PCT  describes  in  twelve  well- 
illustrated  pages  how  to  choose  the 
proper  power  circuit  transformers 
for  certain  capacity  requirements. 
Transformer  dimensions  and  wiring 
diagrams  are  included. 

Platinum-Gold-Silver.  The  Ameri¬ 
can  Platinum  Works,  Newark  5, 
N.  J.  A  4-page  bulletin  describes 
the  various  uses  of  the  noble  metals 
particularly  those  in  the  platinum 
series  with  their  industrial  applica¬ 
tions. 

Switchboard  Meters.  The  Norton 
Electrical  Instrument  Co.,  Man¬ 
chester,  Conn.  Catalog  No.  17  de¬ 
scribes  in  as  many  pages  the  line  of 
switchboard  and  portable  meters 
now  available  to  the  public  by  the 
company.  Ordering  information  and 
prices  are  given. 

Wire-Wound  Resistors.  Shallcross 
Manufacturing  Co.,  Collingdale,  Pa. 
A  series  of  bulletins  and  sheets 
describes  the  complete  line  of  wire- 
wound  resistors,  resistance  stand- 


Thermador  is  a  name 
remembered  when  the  ut¬ 
most  in  transformer  qual¬ 
ity  is  desired,  and  when 
exceptional  engineering 
skill  is  required. 


THERMADOR 

THERNADOR  EUCTRKAL  MFI.  CO. 
sill  District  IM.,  IM  taniM  22.  CMsnia 
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ards,  low  resistance  test  sets,  pre¬ 
cision  switches,  d-c  bridges  and 
measuring  apparatus  manufactured 
by  the  company. 

Tube  Characteristics.  General  Elec¬ 
tric  Company,  Schenectady,  N.  Y. 
has  filled  37  pages  in  publication 
ETR-15  with  characteristics  and 
ratings,  base  connections  and  out¬ 
line  drawings  of  receiving-type 
electronic  tubes. 

New  Microphone.  Electro-Voice, 
Inc.,  1239  South  Bend  Avenue,  South 
Bend  24,  Ind.  A  4-page  bulletin  de¬ 
scribes  the  new  Model  950  Cardax 
microphone,  a  crystal  type  with  car- 
dioid  response.  A  filter  can  be 
switched  in  to  change  the  flat  re¬ 
sponse  to  a  rising  response  at  high 
frequencies. 

X-Rays  in  the  Foundry.  North  Amer¬ 
ican  Philips  Co.,  Inc.,  100  E.  42nd 
St.,  New  York  17,  N.  Y.  offers  a  new 
4-page  booklet  No.  R1023,  titled 
X-Ray  As  a  Foundry  Control  Tool. 
The  booklet  is  a  reprint  of  an  ar¬ 
ticle  which  appeared  recently  in  a 
trade  publication. 

Conductivity  Cells.  Industrial  In¬ 
struments,  Inc.,  17  Pollock  Ave., 
Jersey  City  5,  N.  J.  A  compre¬ 
hensive  survey  of  conductivity 
checking  equipment  for  laboratory 
and  plant  use  has  been  provided  in 
a  catalog  which  deals  primarily 
with  a  large  selection  of  conductiv¬ 
ity  cells  for  the  checking  of  various 
liquids  under  different  conditions. 

Servomechanisms.  G.  C.  Wilson  & 
Company,  Box  389,  Chatham,  N.  J., 
has  prepared  a  memorandum  de¬ 
scribing  the  uses  of  servomechan¬ 
isms  for  control,  indication  and 
computation.  A  single  page  con¬ 
tains  the  basic  information  and  a 
brief  history  of  wartime  use  of  the 
servo. 

Supersonics.  G.  C.  Wilson  &  Com¬ 
pany,  Box  389,  Chatham,  N.  J.  Sup¬ 
ersonics  is  the  science  dealing  with 
sound-like  waves  above  the  audible 
range;  it  is  usually  considered  be¬ 
ing  above  20,000  cycles  per  second. 
A  memorandum  summarizing  sup¬ 
ersonic  phenomena  and  methods  of 
generating  supersonic  waves  is  pre¬ 
sented. 

Radio  Encyclopedia.  Howard  W. 
Sams  &  Co.,  Inc.,  2924  E.  Washing¬ 
ton  St.,  Indianapolis,  Ind.,  will  be¬ 
gin  distribution  of  a  radically  dif- 


_  New!  Complete! 

Concord 

Radio 
^talog 


fou,p> 


NEW  RADIO  SETS 


NEW  AMPLIFIERS 
NEW  RADIO  PARTS 


Electronic  Equipment 


HAM  GEAR 


STANDARD  LINES!  LARGEST  STOCK! 
IMMEDIATE  SHIPMENT! 

For  the  newest,  the  latest,  and  the  best  in  radio  sets,  radio  parts,  amateur  kits,  and 
test  equipment,  mail  coupon  below  for  your  free  copy  of  Concord’s  first  post-war 
Catalog.  It  offers  a  huge  storehouse  of  everything  that’s  new  in  radio  and  electronics 
.  . .  including  the  sensational,  talked-about  line  of  exclusive  Concord  Multiamp 
ADD-A-UNIT  amplifiers.  It  contains  thousands  of  items  ...  all  standard  lines  . . . 
war-born  discoveries  and  improvements  ...  all  ready  for  same-day  shipment 
direct  to  you  from  CHICAGO  or  ATLANTA. 

History-Making  ADD-A-UNIT  Line  of  Amplifiers 

Typical  of  Concord  leadership  is  the  completely  revolutionary  line  of  Multiamp 
ADD-A-UNIT  Amplifiers,  designed  and  engineered  by  Concord,  sold  only  by 
Concord.  Built  on  entirely  new  principles,  these  Amplifiers  offer  startling  innova¬ 
tions  not  available  elsewhere  .  .  .  new  high  standards  of  flexibility,  fidelity,  power, 
economy,  and  all-round  performance  almost  beyond  belief.  Mail  coupon  now  for 
Concord’s  New  Complete  Catalog  showing  full  amplifier  line  . . .  and  complete 
assortments  of  “everything  that’s  new  in  radio  and  electronics.” 

2  CONCORD  RADIO  CORPORATION  ■ 

■  9«1  W.  Jackson  Bird.,  Dept.  G-7^  Chicago?,  III.  ! 

■  Yea,  rush  FREE  COPY  of  the  comprehcnilve  ■ 

*  new  Concord  Radio  Catalog.  \ 


RADIO  CORPORATION 

LAFAYETTE  RADIO  CORPORATION 

CHICAGO  7  ATLANTA  3 

901  W.  lackson  Blvd.  265  Pcachtrct^  Street 
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34-02  FRANCIS  LEWIS  BLVD. 


r: 

I  for  numerous  other  ei 

Con»i\.  *»*>  o* 
portic-torP-.-PO"  ®'- •“ 


Iff  AtLiSMtD 

34fli  STREET.  I 


IMMEDIATE 

DELIVERY! 


HIGH  FREQUENCY  PROBE 


Write  for 
BULLETIN 
AND  PRICES 


With  INPUT  CAPACITY  of  H  to  1  MMF 

Extends  Measurement  Range  10  Times 
— 50  to  500  Megacycles! 

Meaturcments  once  impractical  are  now  made  simple  and 
routine.  Monel  29  High  Frequency  Probe  bridges  the  gap 
in  measuring  voltages  in  the'  range  from  SO  to  500  mega¬ 
cycles.  Designed  specifically  to  replace  the  standard  probe 
of  the  Model  VM-27  Vacuum  Tube  Voltmeter,  this  new 
High  Frequency  Probe  is  adjusted  accurately  to  one-tenth 
the  sensitivity  of  the  standard  probe.  As  a  result,  voltage 
V  readings  are  exactly  ten  times  the  indicated  values.  Thus 
with  the  High  Frequency  Probe,  the  Model  VM-27  has'  full 
scale  ranges  of  10,  30,  100,  300  and  1000  volts.  No  multiplier 
is  required  to  measure  voltages  up  to  1000  volts.  Frequency 
range  0.5  to  500  megacycles. 

ALFRED  W.  BARBER  LABORATORIES 


ferent  radio  service  encyclopedia 
after  June  15.  Subscribers  to  the 
new  service  have  been  assured  de¬ 
livery  of  a  complete  service  folder 
within  90  days  after  a  given  set  goes 
on  sale. 

Powder-Metallurgy.  North  Ameri¬ 
can  Philips  Co.,  Inc.,  100  East  42nd 
St.,  New  York  17,  N.  Y.  offers  a  new 
4-page  booklet  R1022,  titled  Geiger- 
Counter  Used  in  Powder  Metallurgy  . 
Data  is  presented  to  illustrate  how 
analysis  time  has  been  reduced  in 
some  cases  from  two  days  to  35  min¬ 
utes.  This  booklet  is  a  reprint  of  an 
article  which  recently  appeared  in 
a  trade  publication. 

% 

Instrument  Rectifier.  Conant  Elec> 
trical  Laboratories,  6500  0  Street, 
Lincoln  5,  Neb.  A  39-page  booklet 
priced  at  35  cents  is  now  available 
which  describes  the  use  of  instru¬ 
ment  rectifiers  with  particular  em¬ 
phasis  on  types  manufactured  by 
this  company.  Several  pages  are  de¬ 
voted  to  characteristic  curves  of 
these  rectifiers. 

Switches.  Centralab  Division  of 
Globe  Union,  Inc.,  Milwaukee  1, 
Wis.  Selector  switches  of  all  kinds 
are  described  in  a  32-page  catalog 
recently  issued  by  the  company. 
Complete  dimensional  and  mounting 
information  is  given  for  each  type. 
Interstage  shielding,  mounting 
straps  and  other  hardware  are  in¬ 
cluded. 

Enamel  Resistors.  Ward  Leonard 
Electric  Co.,  31  South  Street,  Mount 
Vernon,  N.  Y.  has  compiled  Catalog 
D-2  describing  wire-wound  vitreous 
enamel  resistors  used  by  the  radio, 
television  and  radar  industries. 
Complete  ordering  information  and 
list  prices  are  given  for  fixed,  ad¬ 
justable,  plaque,  non-inductive  and 
other  types  of  resistors  in  various 
wattage  ratings. 

Wire  Gage  Comparer.  American 
Smelting  &  Refining  Co.,  120  Broad¬ 
way,  New  York  5,  N.  Y.  A  conven¬ 
ient  table  with  sliding  scale  com¬ 
pares  wire  gage  numbers  with  the 
diameter  in  inches  according  to 
Brown  &  Sharpe  and  Birmingham 
gages.  The  other  side  shows  the 
melting  and  solid  temperatures  of 
solders  with  varying  tin  and  lead 
content. 

Precision  Resistors.  Ohmite  Manu¬ 
facturing  Co.,  4835  W.  Flournoy  St., 
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Chicago  44,  Ill.  Bulletin  No.  126  just 
issued  gives  detailed  information  on 
the  complete  line  of  Ohmite  Rite- 
ohm  i  watt  and  1  watt  nonconduc- 
tive  wire-wound  precision  resistors. 
These  resistors  are  accurate  within 
plus  or  minus  1  per  cent. 

Lever  Switches.  General  Control 
Company,  1200  Soldier’s  Field  Road, 
Boston  34,  Mass.  Catalog  No.  200 
describes  an  interesting  line  of 
lever  switches,  multiple  spring  con¬ 
tact,  pushbutton  and  multiple  cam 
switches.  Contacts  can  be  furnished 
in  locking  and  non-locking  posi¬ 
tions,  and  in  many  combinations  of 
multipole,  make-before-break  and 
other  special  types.  Complete  or¬ 
dering  information  and  prices  are 
furnished. 

Snap  Switches  for  Gaging.  Micro 
Switch  Division,  Freeport,  Ill. 
Bulletin  No.  36  treats  the  special 
application  of  Micro  Switches  in  the 
measurement  of  tolerances,  go  and 
no-go  indications,  high-speed  mica 
gages  and  for  automatic  graduation 
engraving.  The  16  pages  are  well 
illustrated. 

Industrial  Frequency  Chart.  Sher¬ 
man  Industrial  Electronics  Com¬ 
pany,  503  Washington  Avenue, 
Belleville  9,  N.  J.  A  convenient 
chart  is  available  which  indicates 
the  industrial  frequency  spectrum 
from  60  cycles  through  X-ray  fre¬ 
quencies.  Various  frequencies  are 
identified  with  equipment  used 
therein  such  as  motor  generators, 
spark-gap  generators,  and  elec¬ 
tronic  high  frequency  generators. 
Formulas  relating  frequency  to 
wavelength  in  meters  as  well  as 
Angstrom  units  are  given.  The 
chart  is  black  on  white,  smooth- 
coated  blotter  stock,  size  4x7 
inches. 

Service  Manual.  Hoffman  Radio 
Corp.,  Los  Angeles,  Calif.,  is  now 
publishing  a  service  manual  in 
loose-leaf  form  covering  all  its  prod¬ 
ucts.  Leaflet  supplements  keep  the 
information  up  to  date.  Topically 
arranged,  with  schematic  diagrams 
and  line  drawings,  they  are  edited 
by  the  firm’s  technical  publications 
section,  and  include  descriptions, 
specifications,  tube  complement, 
normal  operating  voltage,  normal 
operating  currents,  alignment  pro¬ 
cedure  and  other  pertinent  data. 
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Choose  The  Source 

COMPLETE  FACILITIES  \ 
MANUFACTURING  KNOW-HOWV 

At  Chicago  Transformer,  facilities  for  every\ 
step  in  transformer  manufacture — from 
production  of  coils,  cores  and  mounting 
ports  thru  final  assembly— ore  combined 
with  plant-wide  manufacturing  know-how, 
gained  during  C.T.’s  years  of  experience 
in  the  specialty  transformer  field. 

Thus,  in  selecting  a  source  for  your 
transformer  components,  consider 
Chicago  Transformer,  an  established 
manufacturer  in  the  Electronic  Industry. 


CHICAGO  TRANSFORMER 

DIVISION  OF  ESSEX  WIRE  CORPORATION 

3501  ADDISON*  STREET  •  CHICAGO.  18 


A  V-2  rocket  taking  oil  from  White  Sands 
ProTing  Ground.  New  Mexico.  It  could  eas¬ 
ily  carry  a  man  up  a  hundred  miles  since 
the  maximum  6-G  occelerotton  is  below 
that  at  which  pilots  black  out.  but  getting 
down  soiely  is  another  problem 


Master  control  room  for  V-2  tests,  in  block¬ 
house  with  concrete  walls  10  feet  thick. 
Each  rocket  has  20  channels  for  sending 
back  by  radio  and  radar  the  readings  of 
the  various  instruments  being  carried  into 
hitherto  unexplored  regions  of  interstellar 
space 


NEWS  OF  THE  INDUSTRY 


Radio  Station  Census 

Total  numbers  of  standard  broad¬ 
cast,  nonstandard  broadcast,  safety, 
and  special  radio  stations  in  service 
as  of  June  30,  1945  are  given  as  fol¬ 
lows  in  the  latest  annual  report  of 
the  Federal  Communications  Com¬ 
mission  : 


Class  of  Station  Number 

Standard  broadcast  .  931 

High-frequency  broadcast,  f-m .  53 

Low-frequency  relay .  261 

High-frequency  relay  .  299 

Television  (experimental)  .  47 

Television  (commercial)  .  9 

International  broadcast .  38 

Developmental  broadcast .  27 

ST  (studio-transmitter)  .  8 

Facsimile  .  3 

Noncommercial  educational  .  12 

Aeronautical  .  411 

Aeronautical  fixed  .  98 

Aircraft  .  2,998 

Airport  control .  31 

Flying  school .  5 

Marker  beacon  .  3 

Municipal  police .  2,051 

State  police .  477 

Zone  police  .  85 

Interzone  police  .  30 

Forestry  .  940 

Special  emergency  .  566 

Municipal  fire  .  12 

Geological  .  411 

Motion  picture  .  8 

Provisional  .  142 

Mobile  press  .  3 

Relay  press  .  5 


Control  desk  from  which  rocket  can  be 
fired  and  its  fuel  cut  off  by  radio  if  trouble 
develops  during  flight 


pulses  from  a  self-powered  radio 
beacon  in  the  nose  and  reflections 
from  three  tail  surfaces  were  utilized 
in  this  first  test.  During  flight,  the 
receiver  is  triggered  from  a  ground 
radar  set  by  pulses  picked  up  by  an¬ 
tennas  in  plastic  housings  on  the  fins, 
causing  the  transmitter  in  the  rocket 
to  repeat  the  pulses  back  to  the 
ground  radar.  This  permits  the  com- 
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Synchrotron;  radio  in  Britain;  French  radio 
budget;  Signal  League;  history  of  sonar; 
^  precipitation  static;  industrial  news 


V-2  Rocket  Tests 


Signal  Corps  radar  equipment  espe¬ 
cially  modified  for  the  purpose  suc¬ 
ceeded  in  tracking  a  15-ton  V-2 
rocket  throughout  its  entire  hun¬ 
dred-mile-high  trajectory  during  a 
recent  test  at  White  Sands  Proving 
Ground,  New  Mexico.  Radar  im- 


Ground  radar  xued  for  tracking  V-2  rockets 
in  flight 


plete  trajectory  to  be  recorded  pho¬ 
tographically.  Conventional  radar 
equipment  also  tracks  the  V-2  for 
its  entire  flight  without  the  aid  of 
beacons,  simulating  conditions  of 
warfare. 

Nerve  center  of  the  test  area  is  a 
blockhouse  with  10-foot-thick  con¬ 
crete  walls  and  a  pyramidal  roof  27 
feet  thick  at  the  apex,  located  350 
feet  from  the  firing  points.  Narrow 
slots  containing  heavy  flameproof 


m 


ft 


m 


Almost  ready  to  go,  with  technicians  mak¬ 
ing  final  adjustments.  The  vertical  support 
and  firetruck-type  ladder  ore  both  part  of 
the  trailer  used  for  transporting  the  rocket 
to  its  launching  site 


BRANCHES:  BOSTON 


CHICAGO  •  DETROIT  •  INDIANAPOLIS  •  ST.  LOUIS  ’  SAN  FRANCISCO 


JENKINTOWN,  PENNA. 


Smaller 


and  Smaller 


and  Smaller 


Reduced  Size— Yes 

But  Not  Reduced  Quality 


.  .  .  This  extremely 
small  "UNBRAKO" 
Socket  Set  Screw 
has  the  Knurled  point 


So  tiny  you  can  hardly  see  them,  yet  perfect  in  every  detail,  the  reduced  size  of 
the  "Unbrako"  socket  set  screws  with  knurled  point  makes  them  invaluable  in 
the  electronics  and  small  instrument  field.  Yet,  they  are  made  with  all  the 
accuracy,  strength,  and  dependability  of  their  larger  counterparts,  and  like  them 
they  have  the  added  feature  of  their  points  being  knurled  .  .  .  the  knurled  point 
digs*in  and  holds  firm  .  .  .  against  even  the  most  stubborn  vibration!  It  can 
easily  be  backed-out  and  used  again  and  again!  The  internal  wrenching  feature 
facilitates  tight  screws  and  compact  designs,  too.  In  sizes  from  #4  to  M/z": 
write  for  the  "Unbrako"  Catalog. 

The  "Unbrako"  Socket  Cap  Screw  (far  right)  and  "Unbrako"  Socket  Set  Screw 
with  Knurled  Thread,  (right)  which  is  also  a  self-locker,  regardless  of  the  style 
of  point. 

“Unbroko"  and  "Halloweil"  products  are  sold  entirely  through 
distributors. 


OVER  43  YEARS  IN  BUSINESS 
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SMOOTH  YOUR 
SELLING  ROAD  WITH 


Rauland  teleTision  projector  instcdled  in 
CiTic  Playhouse  at  Schenectady,  N.  Y. 


Ings  and 
brota  ringt 
with  EASY- 


When  you  equip  your  new 
phonographs  and  record- 
changers  with  Smooth  Power 
motors,  you’re  adding  a  defi¬ 
nite  asset  to  your  line.  That’s 
because  every  motor  in  the 
wide  GI  line  has  built  into  it 
that  quick  pick-up,  quietness 
and  smooth-as-velvet  perform¬ 
ance  that  users  demand. 

Then  too,  their  modem  de¬ 
sign  and  accurate  manufacture 
gives  them  long,  trouble-free 
life  ...  to  add  reliability  to 
your  products. 

You  can  smooth  your  sell¬ 
ing  road  if  you  standardize  on 
Smooth  Power  motors. 


SWITCH  BOX  mad*  by 
braxing  coppw  and  tt—l 
avtiata  to  atampod  atool 
box  with  EASY.fLO. 


fills  on  11  by  16-ioot  screen.  The  program  i 

is  carried  by  microwore  radio  relay  from  |  DEPT.  ME  •  ELYRIA  •  OHIO 
General  Electric  telerision  station  WRGB  i 


glass  permit  direct  observation  dur¬ 
ing  launching,  and  periscopes  pro¬ 
vide  indirect  views.  Here  is  the 
electric  timer  that  sends  signals 
accurate  to  0.00001  second  to  track¬ 
ing  equipment,  and  radio  equipment 
for  communication  with  observation 
posts  as  well  as  for  cutting  off  fuel 
to  the  rocket  by  radio  in  the  event 
that  something  goes  wrong.  This 
radio  remote  control  was  used  during 
an  earlier  test  of  a  smaller  American 
rocket,  the  WAC  Corporal,  when  a  fin 
broke  off  soon  after  launching. 


A  VARIATION  of  the  cyclotron  that  is 
capable  of  accelerating  electrodes  to 
energies  of  300  million  volts,  by 
whirling  each  one  200,000  times  in¬ 
side  a  hollow  doughnut,  is  now  un¬ 
der  construction  at  the  University 
of  California.  This  newest  atom- 
smashing  machine  is  the  result  of  a 
phase  stability  theory  developed  by 
Professor  Edwin  M.  McMillan,  co¬ 
discoverer  of  element  93. 

The  new  machine,  called  a  syn¬ 
chrotron  and  scheduled  for  comple¬ 
tion  early  next  year,  will  enable 
atomic  scientists  to  circumvent  limi¬ 
tations  imposed  by  the  theory  of  rela¬ 
tivity  on  the  energies  which  can  be 
reached  in  the  acceleration  of  par¬ 
ticles.  In  accordance  with  this 
theory,  particles  become  heavier  as 
their  energy  is  increased.  This  in¬ 
creased  weight  results  in  a  tendency 
of  the  particles  to  lag,  arriving  at 
the  cyclotron-type  gap  too  late  to  be 
pushed  by  the  magnetic  field.  In  the 
synchrotron  the  magnetic  field  is  in- 


THE  General 
Industries  CO. 


Synchrotron  Whirls  Electrons 


•  •  • 

NEWEST  THEATRE 
TELEVISION 


is  the  fast,  low-cost 
way  to  fabricate 
ELECTRONIC  equipment 


SIL'EOS  tutd 
EASY-nX)  imiff 


HANDY  &  HARMAN 


Electronic  oquipmo/if  chocsU  and  many 
otiior  part*  are  made  today  by  $IL-POS  or 
EASY-FLO  braced  construction  —  typified  by 
tbe  two  fobs  illustrated.  They  have  been 
redesigned,,  or  newly  designed,  for  this 
simple  fabricating  method  because— 

1.  SIL-FOS  or  EASY-FLO  braced  assemblies 
equal  the  solid  metal  in  strength,  water* 
tightness,  and  ability  to  take  vibration, 
shocks  and  extremes  of  temperature. 
,  They  are  also  highly  resistant  to  corrosion. 

2.  SIL-FOS  or  EASY-FLO  braced  construction 
is  economical— for  it  can  be  produced 
with  considerable  savings  in  man-hours, 
machine  hours  and  metals. 


GET  FULL  FACTS  QUICKLY 
WRITE  TODAY  FOR 
BULLETIN  12-A 

Thia  Eloetrical  Fix- 
taro,  formorly  on 
alvminvm  caating.  ia 
now  mad*  fdat*r 
and  mor*  •conomi- 
tally  by  brazing 
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“Midget"  model 
i$  especially  de* 
signed  for  crowd* 
ed  opporotvs  or 
portobU  equip* 


FOR  THE  ELECTRONICS  INDUSTRY 


“TftaitU^C .  M  mill  tpicillt 
riquirtminlt...  by  on  exporiintid  organization 
. . .  loolid  for  Iho  production  of  plostics  ports 
for  oioctricol  or  ginorol  applications.  Inquirios 
ncknowlidgod  promptly. 


fAVuUvcAtJni^Cdliu 

33S  NORTH  WHIPPLE  ST. •CHICAGO  13,  ILL. 

BOOKS 

FOR  THE 

ENGINEER 


•  Writ*  for  bwlUtin  No.  431. 


Manufacturers  of  Precision  Electrical  Resistance  Instruments 

337  CENTRAL  AVE.  •  JERSEY  CITY  7,  N.J 


UNDERSTANDING 

MICROWAVES 

(Chapter  H*od»)  ^ 

The  Ultra  High  Frequency  Concept 
Stationery  Charge  and  iH  Field  •  Mag> 
netoetatics  •  Alternating  Current  and 
lumped  Constants  •  Transmission  Lines 
Poynting's  Vector  and  Moxwell's 
Equotions  •  Waveguides  •  Resonant 
Cavities  •  Antennas  •  Microwave 
Oscillators  •  Radar  and  Communica¬ 
tion  •  Section  Two  is  devoted  to  de¬ 
scriptions  of  Microwave  Terms,  Ideas 
and  Theorems.  Index. 

400  PAGES  PRICE  $6.00 


A*C  CALCULATION 
CHARTS 

Student  engineers  will  find  this  book 
invaluable.  Simplifies  and  speeds 
work.  Covers  all  AC  calculations 
from  10  cycles  to  1000  megacycles. 

160  PAGES  PRICE  $7.50 


JOHN  F. RIDER,  Publisher, Inc. 

404  FOURTH  AVENUE  NEW  YORK  16.  N  Y 
EXPORT  OlV  ROCKE -INTERNATIONAL  ELEC  CORP 
13  E  40TH  STREET  NEW  YORK  CITY  CABLE  ARLAB 


S//npi/fy /newoDs 

OF  ASSEMBLING  AND  SERVICING 

th  WALKER-TURNER 
FLEXIBLE  SHAFTING 


•  You  con  put  controlled  element* 
wherever  good  design  dictates  .  .  . 
when  you  use  Walker*Tumer  Flex* 
ible  Shafting  in  your  products.  It 
goes  oround  and  over  obstacles — 
takes  up  minimum  space  —  central* 
izes  controls  for  convenient  opera* 
tion.  no  matter  where  the  condens* 
ers,  rotary  switches,  etc.,  are 
located. 

Scientifically  engineered  and  care¬ 
fully  wound  to  produce  smoother 
power  flow,  sensitive  control  and 
trouble  free  operation.  Write  for 
further  information. 

WALKER-TURNER  CO..  Inc. 

PLAINFIELD,  NEW  JERSEY 


FLEXIBLE  SHAFTING 

fOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


LD 


ED 


USTO 


PRRTS 


PLRSTICS 


STANDARD 

TYPE 

700 


•  Solid  silver  contacts  and  stainless  silver 
alley  wiper  arms. 


•  Rotor  hub  pinned  to  shaft  prevents  un¬ 
authorised  tampering  and  keeps  wiper 
arms  in  perfect  adjustment. 


•  Can  be  furnished  In  any  procticol 
impedance  and  db.  loss  per  step  upon 
request. 


4  TECH  LABS  can  furnish  o  unit  for  every 
purpose. 
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PHENOL  AND  VULCANIZED 


FIBRE  FABRICATIONS  i 

/ 


Available  now 
to  your  exact 
specifications! 

PUNCHED,  STAMPED,  SHAVED,  SAWED, 
DRIUED,  MIUED,  TAPPED,  THREADED 

If  you  have  stiff  production  schedules  investi¬ 
gate  BAER  facilities  for  volume  production  and 
accuracy.  Orders  for  any  quantities,  shapes 
and  sizes  to  your  specifications.  For  details, 
write  today  for  descriptive  Bulletin  120. 

N.  S.  BAER  COMPANY 

7-11  MONTGOMERY  ST.  •  HILLSIDE  N.  J. 
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TYPf. 


\\o^ 
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INSTRUMENT  RESISTORS  CO. 


25  AMITY  STREET.  LITTLE  FALLS.  NEW  JERSEY 


creased  as  the  energy  of  the  particles 
increases,  compensating  for  the 
change  in  mass. 

The  synchrotron  borrows  the  cy¬ 
clotron  idea  of  repeated  acceleration 
in  a  circular  path,  but  differs  in  con¬ 
struction  and  operation  because  the 
mass  or  weight  of  an  electron  is  very 
small  compared  to  that  of  the  heavy 
particles — protons,  deuterons,  and 
alpha  particles — accelerated  in  the 
cyclotron.  Because  the  electron  is  so 
light,  the  increase  in  mass  as  the 
electron  gains  energy  is  proportion¬ 
ately  huge,  and  appears  at  relatively 
low  energies.  At  300  million  electron 
volts  energy,  an  electron  weighs  600 
times  as  much  as  it  does  at  rest. 

There  is  no  limit  to  the  number  of 
times  the  electron  can  be  accelerated, 
but  the  strength  of  the  magnetic 
field  limits  the  ultimate  energy  at¬ 
tained.  When  the  field  is  no  longer 
able  to  jerk  the  lagging  projectiles 
up  to  the  pushing  point  at  the  cor¬ 
rect  time,  projectiles  fall  out  of  step 
and  lose  their  acceleration.  In  the 
synchrotron  now  being  built,  this 
limitation  will  become  effective  at 
300  million  electron  volts. 

The  machine  will  operate  as  a 
betatron  up  to  2  million  electron 
volts,  at  which  point  it  will  begin  to 
operate  as  a  synchrotron.  At  300 
million  electron  volts  the  particles 
will  have  traveled  around  the  circular 
pathway  200,000  times  before  emerg¬ 
ing  in  a  beam.  With  this  electron 
energy,  atom-smashing  will  mount  a 
threshold.  It  may  be  possible  to  split 
protons  and  neutrons,  and  it  will 
definitely  be  possible  to  study  cosmic 
rays  or  mesotrons.  A  300  million 
electron  volt  electron  is  itself  a 
cosmic  ray,  and  such  a  particle  will 
produce  cosmic  ray  showers  such  as 
occur  in  nature,  under  controllable 
conditions  permitting  studies  here¬ 
tofore  impossible. 

Empire  State  Building  Gets 
New  61-Foot  Antenna 

The  long-familiar  four-football  an¬ 
tenna  atop  the  Empire  State  Build¬ 
ing  has  been  replaced  with  a  61-foot 
steel  mast  supporting  three  antennas 
which  will  radiate  on  four  different 
frequencies.  A  16-element  array 
serves  both  for  67.25-mc  video  and 
71.76-mc  sound  of  NBC  television 
station  WNBT  in  its  newly-assigned 
channel  4.  Another  antenna  serves 
NBC’s  f-m  station  WEAF-FM,  and  a 
288-mc  television  test  antenna  at  the 
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The  Mosf  Indispensable  Reference  in  Radio-Eieefronies 

Electronic  Engineering  Hosier  Index 


A  master  compilation  of  over  15,000  titles, 
articles  and  texts  selected  for  their  value  to  the 
research  engineer,  this  INDEX  covers  the  years 
1925-1945  and  enables  you  to  survey  twenty 
years  of  research  literature  on  any  subject  in  a 
matter  of  minutes! 

Vitally  Naadad  In  Every  Laboratory  amd  Library 
COMPLETE  IN  ONE  VOLUME 


PART  I 

January  1925  to 
Dacambar  1934 


PART  II 


inuary  1935  to 
Jana  1945 


PARTIAL  UST  OF  PERIODICALS  INDEXED: 


Bell  Laboratories  Record 
Bell  System  Technical 
Journal 

Communications 
Elearical  Communication 
Elearical  Engineerina 
Engineering 
Elearonics 
Electronic  Industries 


Journal  of  I.E.E. 
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Proceedings  I.R.E. 
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R.C.A.  Review 
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Jour,  of  Applied  Physics  Wireless  Engineer 

A  $300  Reference  Library  in  One  Volume  for  $17.30 

Descriptive  circular  on  request. 

ELECTRONICS  RESEARCH  PUBLISHING  COMPANY 
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A  major' 
advancement 
in  the 

recording  blank 
field... 


GUARANTEE 

GOULD-MOODY 

'^^tcic^ScciC 

AlUMINUM 
RICOROING  BLANKS 

•  •  •  Of  no  increase 
in  price  ! 


AH*r  prolofio*d  rsMorch  and  aipBrio 
fiMHtation,  wa  hava  introducad  ta^ao* 
logical  improvamants  into  “Black 
Saal"  blanks  that  not  only  Incraata  Ufa 
span,  bat  matarially^anhonca  tha  othar 
fiaar  charoctariitics  of  thasa  blonks. 
And  so  positiva  ora  wa  of  tha  worth 
of  thasa  parfactad  “Block  Saals"  that 
wa*ra  offaring  tham  to  you  on  an  un« 
conditional  tan>yaar  guarantaa  basis. 

You  con'f  aHord  fo  o 
rwcording  isolartonist  •  •  • 

“Black  Saal“  blanks  will  not  rip  up, 
disintogrota  or  powdar  aftar  tha  first 
playing  if  kapt  in  storaga  for  any 
long  pariod  of  tima.  You  ora  in  no 
dongar  of  losing  vaiuabla  racordings 
in  whot,  up  until  now,  you  hava  con* 
sidarad  your  sofa  library  of  racording 
blanks.  No  mottar  how  wall  you  may 
bo  sotisflad  with  your  prasant  blanks, 
you  can't  afford  to  ba  a  racording 
isolationist.  Try  “Black  Saals"— if,  for 
any  raason  whatsoavar,  you  aron't 
sotisflad,  raturn  tham  ot  our  aipansa. 


THE  GOULD-MOODY  CO. 


395  BROADWAY  NEW  YORK  13.N.Y. 


pinnacle  of  the  mast  completes  the 
array. 

Erection  of  the  antenna  was  ac¬ 
complished  by  assembling  the  upper 
portions,  raising  them  gradually 
through  a  hole  in  the  top  deck  of  the 
building,  and  adding  the  lower  por¬ 
tions.  The  working  deck  for  this  op¬ 
eration  is  only  nine  feet  in  diameter, 
1,250  feet  above  the  sidewalks.  Basic 
design  of  the  new  broadband  televi¬ 
sion  antenna,  delivering  an  effective 
radiated  signal  100  percent  more 
powerful  than  its  predecessor,  was 
worked  out  by  Raymond  F.  Guy, 
NBC  radio  facilities  engineer,  and 
Dr.  George  H.  Brown  of  RCA  Labor¬ 
atories.  New  sound  and  picture 
transmitters  are  also  being  installed 
on  the  northeast  corner  of  tne  85th 
floor. 

Highway  Radiophone  Rates 

Three  classes  of  radiotelephone 
service  for  vehicles  are  now  being 
offered  in  St.  Louis  by  Southwestern 
Bell  Telephone  Co.  bn  an  experimen¬ 
tal  basis  but  under  regular  commer¬ 
cial  conditions:  (1)  general  two-way 
telephone  service  between  any  vehicle 
and  any  regular  telephone  or  other 
mobile  unit;  (2)  two-way  dispatch 
service  between  a  customer’s  office 
and  his  own  mobile  units  only;  (3) 


Slide-out  type  telephone  set  being  used  in 
St.  Louis  mobile  radiotelephone  system. 
Operation  is  in  the  152-162  me  band,  with 
a  2S0-watt  central  transmitting  station  and 
a  20-watt  transmitter  in  each  vehicle.  Fixed 
receiving  stations  are  located  in  various 
sections  of  the  city  for  reliable  pickup  of 
the  low-power  mobile  transmitters 

one-way  signaling  service  to  notify 
the  driver  of  a  mobile  unit  that  he 
should  comply  with  prearranged  in¬ 
structions. 

Rates  for  a  three-minute  general 
service  message  are  from  30  to  40 
cents  depending  on  the  location  of 
the  land  telephone  within  the  St. 
Louis  mobile  service  area,  with  toll 


^osts  You  Les 
To  Pay  a 
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SfUCOCKS- MILLER 

piastic  name  plates 


The  nameplate  that  identifies 
your  product  should  reflect  the 
quality  you  build  into  it. 

Recognizing  this,  manufacturers 
all  over  the  country  have  made  Sill- 
cocks-Miller  their  source  for  name¬ 
plates  fabricated  of  plastic.  These 
companies  know  that  quality  is  a 
tradition  here  at  Sillcocks-Miller  .  .  . 
that  every  job  must  conform  to  our 
rigid  standards  of  accuracy  and  per¬ 
fection. 


From  long  experience,  our  en¬ 
gineers  can  readily  meet  your  name¬ 
plate  requirements.  There  is  no  lost 
motion,  no  delays  to  you  because  of 
“trial  and  error’  production. 

That’s  what  we  mean  when  we  say 
it  costs  you  less  to  pay  a  little  more 
for  Sillcocks-Miller  quality. 


Write  for  complete  details 


THE  SILLCOCKS-MILLER  CO. 


10  W«$t  Porkar  Avanat,  MaplavaaB,  ■.  1. 
Mailiai  Addrass:  Saath  Oraaia,  i.  1. 
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Optical  Glass 
Specialties 


Television  Reflectors 


Precision-polished  optical 
face  plates  for  cathode  ray 
tubes 


Optical  lenses,  prisms 
and  flats 


FS  Precision-Bore  Glass  Tubes 
with  bore  exact  within  .0002" 


Contact  us  for 
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book  rates,  call  your 


agency  or  write 
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WRL  Muititefter 

•  Sliirdy  Stwl  Case 

•  30-fi0  Desree  .\ngle 

•  Stand  it  up  or  I^y 
it  Down 

CAT.  NO.  16-491 


- - TEST  LEADS  e  XA 

^ — -  CAT.  NO.  17-459 

Ranges:  DC  Volts— 0/5/50/250/500  V.  AC  Volta— 
0/10/100/500/1000V.  DC  Mills— 0/10/100  Mills. 
Ohtnmeter — Low  Range  0-500  Ohms.  High  Range — 
0-100.000—1  Meg.  Meter.  Size  5^x8x.S%. 

LEO’S  SENSATION 
OF  THE  YEARl 

GLOBE  TROTTER 
40  Watts  Input 
TRANSMITTER 
Cat  No. 


Complete  inriuding  all  parts,  chassis  panel,  cabinet, 
less  tubes,  coils,  and  meter. 

Wired  by  our  engineers.  Cat.  No.  70-312 _ $75.00 

All  necessary  accessories . $13.^  extra 

It  has  everything!  Capable  of  40  Watts  input  on  C.W. 
and  25  Watts  input  on  phone  on  ail  bands  from  1500 
KC  through  28  Megacycles.  Has  three  bands,  all  pre¬ 
tuned  and  available  at  the  turn  of  a  Switch.  10.  20. 
and  80  meters  and  uses  two  power  supplies. 

WE  INVITE  INQUIRIES  FROM  AGENTS. 
IMPORTERS.  BROKERSI 

^  I  .  FREE!  Our  latest  catalog  packed 
with  radio  and  electronic  savings. 

f  Address  Dept.  E-7  Council  Bluffs,  la. 


For  S5  Ycarf  i  i  Janetfc  Converters  have  siven  dependable 
service  under  the  most  adverse,  varied  climatic  conditions  in  all  parts 
olthe  world.  These  machines  are  desisned  especially  for  supplying 
A.C.  power  for  operating  electronic  devices  when  only  D.C.  power  is 
aikk  available.  You  Can  Rely  on  a  Janette  Converter* 


Formerly  Wholesale  Radio  I.,aboratories 
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FOR  BETTER 

SOLDERING 


GENERAL  ^  ELECTRIC 


WtinFOR  BULLETIN 
GIAMBI  9. 


S«l«ct  tiM  NEW  G-l 
CALROO  SOLDERING 
IRONS  with  the  ''non- 
fr*«zing/'  aasy^to- 
replacs,  calorlz«d- 
copper  tips.  They 
simplify  maintenanc( 
in  your  shop.  Gon> 
oral  Bocfrk  Com- 
pony,  Schonocfody 
5,  Now  Yotk, 


MANUFACTURERS  OF  RADIO,  ELECTRICAL 
AND  ELECTRONIC  COMPONENTS 


7300  HURON  RIVER  DRIVE  •  DEXTER,  MICHIGAN 


rates  applying  outside  this  area.  The 
charge  for  a  one-minute  two-way  dis¬ 
patch  call  is  15  cents.  The  radio 
equipment  on  the  vehicle  may  be  pro¬ 
vided  either  by  the  customer  or  the 
telephone  company;  if  by  the  latter, 
the  installation  charge  is  $25  and 
the  monthly  service  charge  is  $15. 


Harbor  Sonar 

Harbor  ECHO-ranging  and  listening 
sonar  developed  by  RCA  Victor  in 
1942  provided  a  means  for  detecting 
the  approach  of  enemy  surface  and 
submersible  vessels  at  harbors  and 
at  entrances  to  inland  waterways. 
The  equipment  was  installed  on 
shore  except  for  the  projector  and 
training  gear,  which  were  installed 
under  water  and  connected  to  the 
shore  station  by  cable  for  remote 
training  control  and  conduction  of 
signals. 

Rural  Radio  Telephone 

The  first  construction  permit  for 
radio  stations  authorized  to  handle 
commercial  traffic  in  the  proposed 
rural  telephone  service  has  been 
granted  to  Mountain  States  Tele¬ 
phone  and  Telegraph  Co.,  Cheyenne 
Wells,  Colorado.  To  determine  the 
practicability  of  radio  for  telephony 
in  this  sparsely  populated  part  of 
Colorado,  a  60-watt  central  fixed 
station  will  operate  on  44.5  me  in 
Cheyenne  Wells,  and  four  10-watt 
subscriber  stations  will  be  installed 
on  ranches  within  a  20-mile  radius, 
using  48.3  me  and  48.5  me.  A  sixth 
station  will  be  operated  as  a  portable 
transmitter  for  testing  the  effective¬ 
ness  of  the  system. 

LONDON  NEWS  LETTER 

By  John  H.  Jure 

London  Correspondrnt 

Free  Radio  Servicing.  A  new 
radio  company  in  Britain  is  making 
big  capital  out  of  the  fact  that  buy¬ 
ers  of  its  sets  will  get  free  mainte¬ 
nance  for  two  years  by  the  firm’s 
engineers,  with  tube  replacement 
included  as  well.  No  radio  man  in 
his  senses  believes  that  the  service 
is  truly  free  but  the  company,  which 
is  in  the  hands  of  good  engineers, 
has  struck  a  sound  psychological 
chord  in  giving  the  buyer  confidence 
in  his  purchases. 

Many  people  believe  that  the  suc¬ 
cess  or  failure  of  television  will  rest 
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With  T2MC  Lens  ^ 


T2  lampholder,  molded  of  bakelite, 
holding  lip,  dia.  11/16".  Tip  of  lamp 
bulb  protrudes  sufficiently  to  be  re¬ 
moved  from  front  of  panel  without 
use  of  special  tool. 

Very  low  current  ct)nsumption  bulb 
(0.038  max.  amp.  on  24  volts).  Series 
resistor  of  small  size  on  120-220-440 
volts,  etc. 

T2PC  Lens-cap,  molded  in  plastic. 
T2MC  Lens-cap,  metal  with  glass  lens. 

Write  today  for  catalogue 

THE  H.  R.  KIRKLAND  CO. 

8  King  St.,  Morristown,  N.  J. 


Pioneer  Electric  Co.  ^  Anyeul’'2f,’*e2n“wnio”‘ 


Your 


WASHERS 

STANDARD  AND  SPECIAL 

Every  Type 

Every  Material 
Every  Purpose 
Every  Finish 

Over  22,000  Sets  of  Dies 

STAMPINGS 

OF  EVERY  DESCRIPTION 

Blanking 

Forming 

Drawing 

Extruding 

Let  us  quote  on 

your  requirements. 


r  ^  ®  ^ 


2il8  SOUTH  BAT  STREET  •  MILWAUKEE  7,  WISCONSIN 


toroidal  coils  I 

lf<n  I 

j  HK^'Q"  1 


Inductance  up  to  3  Hys. 
"Q"  as  high  as  150  at 
3000  cy. 
also 

Toroids  in  Filters 
and  Equalizers 


^mJeSfCo. 


10-12  VAN  CORTLANDT  AVE.  EAST 
BRONX  58.  N.  Y.  SEdgwick  3-1593 


TC 

Permalloy 
dust  core 
toroids 


ranging  from  3  K.  W.  to  15  K.  W., 
these  portable  electric  power  plants 
are  manufactured  to  give  dependable 
service  under  the  most  rugged  con¬ 
ditions.  Write  today  for  specifications. 


1  Models  Range 

from  1 

1  3000  to  15000  Watts,  I 

A.  C.  120  to 

440 

Volts,  50  and 

40 

Cycles,  Single 

or 

Three  Phase. 

- 

Q  £  A  I,  E  P  5  Some  profitable  Iran- 
...  _  ^  m  m  chites  Still  avoiloble. 

WANTED! 

Wnte  or  wire 


nPE  T2  UNITS 


with  T2PC  Lens 
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Many  sizes  and  alloys  for  a 
range  of  applications  such  as 
miniature  tubes,  hearing  aid 
tubes,  low-current-drain  bat¬ 
tery  tubes,  receiving  tubes  . . . 

(^Melted  and  worked  to  as¬ 
sure  maximum  uniformity 
and  strength.  WIRES  drawn  to 
.0004"  diameter;  RIBBON 
rolled  to  .0001 "  thickness  . .  . 


\/\Nt 


Wollaston  Process  Wire 
drawn  as  small  as  .000010"; 
made  to  your  specifications 
for  diameter  and  resistance. 


SPECIAL  ALLOYS  made  to 
meet  individual  requirements. 
Write  for  list  of  stock  alloys. 


SIGMUND  COHN  &  CO. 


44  GOLD  ST. 


S/NCf 


entirely  on  satisfactorily  solving  the 
servicing  problem.  In  a  sound  re¬ 
ceiver  the  listener  can  tolerate  a 
surprising  amount  of  distortion  and 
noise,  but  with  vision  only  a  tiny 
amount  can  be  stood.  Now  this 
means  that  the  sets  have  to  be  kept 
up  to  concert  pitch,  and  whether  the 
average  radio  serviceman  will  be 
able  to  tackle  it  properly  is  a  ques¬ 
tion.  The  alternative  is  service  or¬ 
ganizations  run  and  controlled  by 
the  set  manufacturers. 

To  Sponsor  or  Not.  Now  that  the 
question  of  renewing  the  Charter  of 
the  British  Broadcasting  Corp.  is  the 
number  one  radio  problem  in  Brit¬ 
ain,  listeners  are  more  or  less  taking 
sides  in  the  argument  as  to  whether 
sponsored  programs  should  be  al¬ 
lowed.  Those  in  favor  generally 
quote  the  U.  S.  A.  as  the  shining 
example  of  how  advertising  pro¬ 
duces  better  programs.  It  may  or 
may  not,  but  sponsored  radio  is 
naturally  part  of  the  American  way 
of  life,  whereas  a  nonsponsored  ether 
is  naturally  part  of  the  British  way 
of  life  and  to  compare  the  results  of 
one  with  those  of  the  other  is  point¬ 
less. 

The  average  American  listener  ap¬ 
parently  likes  to  be  courted  by  the 
manufacturers.  He  is  an  important 
fellow  from  their  point  of  view  and 
there  is  no  reason  why  he  should  not 
enjoy  it. 

British,  on  the  other  hand,  look 
on  advertising  in  a  different  way. 
They  feel  that  the  whole  aim  of  ad¬ 
vertising  is  to  sell  something  they 
do  not  want,  and  in  rather  a  vulgar 
manner  at  that.  Maybe  it  is  just 
plain  snootiness,  but  a  great  many 
British  listeners  just  do  not  want 
sponsoring  in  radio.  That,  however, 
does  not  prove  that  it  is  a  bad  thing 
in  the  U.  S.  A. 

French  Radio  Budget 

McOratc-nUl  World  Neics 
Paris,  France 

The  French  government  has  budg¬ 
eted  a  $19,000,000  program  of  radio 
construction  and  research,  of  which 
about  $3,700,000  will  be  spent  in 
1946.  Most  of  the  1946  appropriation 
will  be  spent  on  the  national  radio 
network,  with  $1,800,000  going  for 
new  equipment  and  $850,000  for  con¬ 
struction.  The  short-wave  station 
Paris-Mondial  and  various  middle- 
wave  stations  will  get  new  equip¬ 
ment.  Reconstruction  work  will  be 
begun  on  the  long-wave  stations 


FOR  CONVERTING  A.C.  TO  D.C. 
N«w  Models  . . .  designed  for  testing 
D.C.  eiectrical  apparatus  on  regular 
A.C.  lines.  EquipMd  with  full-wave 
dry  disc  type  rectifier,  assuring  noise¬ 
less,  interrarence-free  operation  and 
extreme  long  life  and  reliability. 

G  Eliminates  Storage  Batteries  and 
Battery  Chargers. 

•  Operates  the  Equipment  at  Maxi¬ 
mum  Efficiency  at  All  Times. 

•  Fully  Automatic  and  Foel-Rreef. 


LOW  POWER  INVERTERS 

FOR  INVERTING  D.C.  TO  A.C. 
Another  New  ATR  Model . . .  designed 
for  operating  small  A.C.  motors,  elec¬ 
tric  rasors,  and  a  host  of  other  small 
A.C.  devices  from  D.C.  voltages 
sources. 


STANDARD  AND 
HEAVY  DUTY  INVERTERS 

FOR  INVERTING  D.C.  TO  A.C. 
Specially  designed  for  operating  A.C 
radios,  television  sets,  amplifiers,  cmI- 
dress  systems,  and  radio  test  equip¬ 
ment  from  D.C.  voltages  in  vehicles, 
ships,  trains,  planes,  and  In  D.C. 
districts. 

WRITE  FOR  NEW  CATALOG  — 
JUST  OFF  THE  RRESSI 


AMERICAN  TELEVISION  &  RADIO  CO 


ST  PAOI"  1  MINN. 
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Doughnut  Coik  for  olodrinMand  Muphono  purposot. 


High  Pormoobility  Coros  ar#Jiydrogon  onnoolod  and 


hoot  tfoolod  by  a  tpocial  procon  dovulopod  by  DX  ongU 


St.  Louis 


OUTDOOR 


MICROPHONE 

Ono  of  the  "Rnost  Lino  of  Modern 
Dynemic  Microphones."  Each  engi* 
neered  to  fit  your  specific  applica¬ 
tions.  Modern  design — Rugged  con¬ 
struction.  Range:  40-9000  Cycles. 
Built  to  take  the  toughest  treatment 
under  the  worst  operating  and  cli¬ 
matic  conditions.  Alnico-V  Magnet. 
Variable  impedance  output  adjustable 
to  low,  200,  500  or  high.  Gunmetal 
Gray,  Black  Lacquer  or  Olive  Drab 
Finishes. 

Write  today  for  further  information 
on  the  Complete  St.  Louis  Line. 

Llcwfd  und»r  Poimnft  o/  fAe 
American  T9I.  &  T»l.  Co.  end 
h^eirern  Electric  Company,  Inc. 

ST.  LOUIS  MICROPHONE  CO. 

2726-28  Brentwood  Blvd. 

St.  Louis  17,  Missouri 


\  \ 

tort- “  \ 

,ylS  fUVl.  <!»•""'  ' 

,  rt..**  ‘"“‘•'JfiS;  wild*' 

US 

_ _ _ _ _ _ 

S.S.WHITE 


Noiseless  in  operation 
Strong  and  durable 
Good  performance  in  all 
climates 

STANDARD  RANGE 
1000  ohms  to  10  megohms 
e  NOISE  TESTED  • 

At  slight  additional  cost,  resistors  in  the 
Standard  Range  ore  supplied  with  each 
resistor  noise  tested  to  the  following  stand¬ 
ard:  "For  the  complete  audio  frequency 
range,  resistor  shall  have  less  noise  than 
corresponds  to  a  change  of  resistance  of 
1  part  in  1,000,000." 

HIGH  VALUES 

15  to  1,000,000  megohms 


TNI  S.  S.  WNITi  DINTAl  MFG.  CO. 


INDUSTRIAL 


iFc.  CO.  Wi#  m  division 

. Pirr.  10  (AST  «0tb  ST.,  NIW  YORK  I*.  N.  T._ 

niaiMa  tM*m  .  niawu  nMm  foot*  >  aiactan  •cctt*o«Nt 
wuui  cimiN*  aw  MiHoiMe  toot*  .  srtciM  totama  tMMtt 
■01—  Hiitiaa*  .  natnc  tatctaitet  .  cownact  natna  ■oto— 

Otu  of  /4mcUceCo  A  AAA 


0  STEATITE 
CERAMIC 

Properties  and  Characteristics  of  Oar 
LAVITE  SI -5  Steatite  Ceramic  lody 

Compraaaiv*  Strength  . SS.OOO  lbs.  per  square  Inch 

rensile  Strength  .  .  .  .' .  7.2M  lbs., per  square  inch 

riSKural  Strength  . 10. BOO  IbS.  per  square  inch 

Modulus  of  Hupture . 20,000  bs.  per  square  inch 

Dielectric  Strength  . -,^....235  volts. per  mil 

Dielectric  Constant  . 6.42)  CM..i..erw 

Loss  Factor  . 2.60  I  i^.nsVvr?. 

Foerer  Factor  . 446  J  *  megbcyde 


Bulk  Specific  Oravity . B.BCaqb 

Density  (from  above  gravity) ..  0.066  lbs.  per  cubic  inch 

Hardness  (Mohr  scale) . 7.0 

Softening  Temperature  . 2.3SO°F. 

Linear  Coefficient  of  Bspansion . 6.13x10—* 

Moisture  Absorption  (ABTM  D-116-42-A) . O.OOBAb 

Design  engineers  and  manufaaurers  in  the  radio, 
electrical  and  elearooic  fields  are  finding  in 
LAVITE  the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and  dielectric 
strength,  low  moisture  absorption  and  resistance 
to  rot,  fumes,  acids,  and  high  heat.  The  exceed¬ 
ingly  low  loss-faaor  of  LAVITE  plus  its  excel¬ 
lent  workability  makes  it  ideal  for  all  hi|d>'  fre¬ 
quency  applications. 

We  will  gladly  supply  samples  for  testing. 


DX  RADIO  PRODllCrS  CO. 


GENERAL  OFFICES  I  200  N  Cl  AREMONT  AVE  CHICAGO  22  ILL  USA 


D.  M.  STEWARD  MFC.  COMPANY 

NerOfTtj'TY  Vri»  ^  Ch.togo  io\  ArTg^if*-. 
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PIN-849  Pilot  Light 


“DIALCO" 

features  the 

New  Neon  NE-SI  Bulb 

with 

BUILT-IN 
RESISTOR 

For  110  Volts  (and  higbor) 

A  RUGGED  UNIT.  Consumes  a  small  amount  of  current 
(under  one  milliampere)  and  has  dependable  long  life. 

Note  these  important  features  of  the  PLN-849  Pilot  Light : 

(1)  RESISTOR  INTEGRAL  with  socket  assembly.  Value 
to  suit  supply  voltage.  (2)  Moulded  Bakelite  Socket.  (3) 

Full-view  Jewel  Plastic  Cap  for  visibility  at  all  angles.  (4) 

Rugged  terminals,  binding  screw  or  permanent  soldering  type. 

(5)  High  resistance  to  vibration  or  shock.  (6)  Supplied 
complete  with  General  Electric  Neon 
NE-51  Bulbs.  May  also  be  adapted 
to  accommodate  General  Electric 
Radio  Panel  Bulbs  such  as  47,  44, 
etc.,  for  low  voltage  circuits.  Bulbs 
removable  from  front  of  panel. 

Write  today  for  samples  and  prices. 
There  Is  no  ebllgatlea. 


(Patent  Pending) 


BUILT-IN 
RESISTOR 
HOUSED 
IN  SPRING 
contact 

EYELET 


DIHl  LIGHT  CO. 


WRITE  FOR  NEW 
I  ILLUSTRATED 
I  BROCHURE 


900  BROADWAY  •  NEW  YORK  3,  N.  Y. 

Telephone:  Algonquin  4-5180-1-2-3 


Strasbourg  and  Allouis,  and  a  new 
powerful  station  at  Nancy  is  to  be 
started.  Several  .new  studios  will  be 
built. 

For  television  about  a  third  of  a 
million  dollars  is  scheduled  for  this 
year,  principally  for  the  Paris  sender 
and  studio  and  for  a  program  of  re¬ 
search.  Research  on  radar  and  wide¬ 
band  transmission  will  take  *a  quar¬ 
ter-million  dollars,  and  small  sums 
are  provided  for  other  research. 

The  French  African  radio  net¬ 
work  w’ill  be  expanded  considerably 
in  1946,  at  a  cost  of  about  $400,000. 
Receipts  from  the  tax  on  radio  re¬ 
ceiving  sets  are  estimated,  at  $11,- 
000,000  for  1946. 


-Tkc  FINEST  MICROPHONES 


^\\  \\ 
.\W  w 

•'Si  ^  ’ 


P.A..W /recording/ 


AMPERITE 

VELOCITY 

MICROPHONE 

WITH 

PATENTED 

ACOUSTIC 

COMPENSATOR 


AMPERITE  KONTAK  MIKES 

IDEAL  FOR  AMPLIFYING 
STRINGED  INSTRUMENTS 

USED  WITH  ANY  AMPLIFIER 
AND  WITH  RADIO  SETS. 

ASK  YOUR  JOBBER  ,  .  .  WRITE  FOR  FOLDER 


AMPERITE 

.  .  ■  F  ^  :  A  ■  :  N  !  V,  -•  H  K 


A/eut  P.  G. 
DYNAMIC 

WITH  NEW 

SUPERIOR 
ELIPSOID 
PICK  UP 
PATTERN! 


AMPERITE] 


Signal  League  Organized 

A  CIVILIAN  ASSOCIATION  of  wartime 
communications  officers  and  manu¬ 
facturers,  to  be  known  as  the  Signal 
League,  has  been  organized  in  Chi¬ 
cago  with  Major  General  James  A. 
Code,  Jr.  (retired,  and  now  vice- 
president  of  Automatic  Electric  Co.) 
as  chairman  of  the  board  of  govern¬ 
ors,  William  J.  Halligan  of  Halli- 
crafters  as  president,  and  S.  I. 
Neiman  (wartime  director  of  public 
relations  for  the  Signal  Corps)  as 
executive  secretary. 

The  League’s  charter  is  written  to 
admit  as  members  manufacturers 
who  made  “a  significant  contribu¬ 
tion”  to  production  for  the  armed 
forces,  other  civilians  who  contrib¬ 
uted  time,  services  or  support  to  the 
communications  branches,  and  for¬ 
mer  members  of  the  armed  forces 
who  contributed  leadership  or  helped 
expedite  production. 


Early  Echo  Ranging  Sonar 

The  first  experimental  echo  rang¬ 
ing  sets  operated  at  frequencies  be¬ 
tween  20,000  and  40,000  cps.  These 
supersonic  voltages  were  generated 
by  a  transmitter  that  fed  the  trans¬ 
ducer  (the  combined  radiating  and 
receiving  unit)  which  ‘  protruded 
through  the  ship’s  bottom.  The  four- 
inch  thick  transducer  consisted  of 
quartz  slabs  sandwiched  between 
steel  discs  about  16  inches  in  di¬ 
ameter.  It  “pinged”  out  one-quarter 
second  pulses  of  energy  which 
traveled  horizontally  in  a  cone- 
shaped  path.  When  part  of  the  sound 
wave  struck  the  target  submarine, 
a  small  portion  of  the  energy  was 
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KURMAN 

RELAYS 

FOR  KEYING  and  CONTROL 


DOUBLE 

THROW 


THROW 


N«w  Type  A.C.  or  D.C.  Relay 
Mointaint  Adjvstment  under  Stress 

Series  16  A.C.  &  D.C.  Relays  are 
specified  for  aircraft  and  similar 
applications  where  shock  and  Ti- 
bration  are  severe.  Main  features 
include: — 

1)  Cesfects  will  held  ediustmest  end 
pesitioN  under  stress  ef  eeceleroties 
te  •  times  the  puli  ef  erevity. 


tween  ell  centects  end  Qreund. 

3)  Ceil  impreeneted  eeainst  ettochs  by 
moisture  end  heet. 

For  complete  delmili  reqoett  a  copy  of 
Bulletin  1646 

Write  for  deUilt  on  Kurman  line 
•f  Relay*  and  Timinf  Control* 

KURMAN  ELECTRONICS  CORP 

35-1 1  37TH  STREET 
LONG  ISLAND  CITY  1.  N.  Y. 


DAWN  OF  A  DISC! 


Reeves  Soundcroft — a  name  new  in  record¬ 
ing  diKS— an  organization  of  men  eti- 
perienced  in  sound  recording. 

These  experts,  associated  for  many  year! 
with  both  disc  and  film  recording,  know 
the  shortcomings  of  the  post.  From  their 
knowledge  you  profit  in  the  present. 

During  the  war  Reeves  Soundcroft  per¬ 
sonnel  were  fighting  the  shooting  war,  win¬ 
ning  the  equipment  war  and  turning  out 
blank  records  for  the  manifold  wartime 
uses  of  broadcasting. 

Now  united,  they  represent  o  solid  front— 
for  new  physical  perfection,  higher  fidelity 
ond  specialized  distribution. 

Experience  counts. 


REEVES  SOUNDCRAFT  CORP. 

10  EAST  52  ST..  NEW  YORK  22,  N.  Y. 

=''  -  PSOGPfSS  AlONG  SOUND  LINES  = 


Hpre’s  bettei  weWinS  control 
Hotes  u«u 


COMP^LETE  ELECTRONIC 
TIMING  AND  SWITCHING 
IN  ONE  PACKAGE  .  .  . 
FULL -WAVE  SYNCHRO¬ 
NOUS  OPERATION 
APPLICABLE  TO  ANY 
NEW  OR  OLD  RESISTANCE 
WELDER  UP  TO  IS  KVA 


El  Electronic  Ylmer 
controlling  weld  cycle 
on  5  KVA  filler  preic  ' 
type  welder 


NEW  E-l  ELECTRONIC 


No  special  skill  is  required  te  operate  on  E-l  timer.  Single  hneb 


control  gives  precision  timing  from  Vt  and  1  cycle  to  20  cycles 


in  single  cycle  steps.  Circuit  incorporates  automatic  splosh 


quench  if  electrodes  ere  opened  prematurely.  E-l  control  elimi¬ 


nates  mechanical  contactors  and  their  troubles  .  .  .  gas  tubes 


hondle  all  current.  Unit  is  housed  in  sturdy  steel  case 


ELECTRICAL  INDUSTRIES 

INCORPORATED 
47  SUMMER  AVENUE  NEWARK  4,  NEW  JERSEY 
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•  PLASTIC  FABRICATING  • 

PUNCHED  AND  FABRICATED  PARTS.  SPEED  AND  ACCURACY  IN 

TOOL  CONSTRUCTION  AND  PRODUCTION  REQUIREMENTS 

•  BAKELITE  SHEETS.  RODS,  TUBES  • 

Over  20  years  of  fabricating  experience 

ELECTRICAL  INSULATION  CO..  INC. 

12  VESTRY  ST..  NEW  YORK  13.  N.  Y. 


ANOTHER 
SPECIAL  BY 
PBOGRESSIVE 


doctioo  I>"  * 

Hetot.  m  .  l-n  r  f\ 


A  MOST  COMPACT  RHEOSTAT 


Type  2462F  is  designed  for  rela¬ 
tively  low  wattage,  and  it  fits  into 
an  exceptionally  small  space. 
From  the  back  of  the  panel  it 
measures  only  of  an  inch. 

Its  terminals  are  ideal  for  easy, 
rapid  crimping  and  soldering^ 
The  shaft  and  bushing  are  fully 
insulated  from  the  contact  mech¬ 
anisms,  so  the  rheostat  can  he 
mounted  on  a  metal  panel.  And 
this  little  10  watt  rheostat  is  tested 
for  1500  volt  breakdown. 

Other  types  of  Hardwick- 
Hindle  rheostats,  and  our  many 
resistors  offer  you  valuable  ex¬ 
clusive  advantages  aim. 

Write  us  today.  Our 'engineers 
are  always  at  your  service. 


actual  size  op  rheostat 


0  HARDWICK,  HINDLE,  INC. 

RHEOSTATS  and  RESISTORS 
Subsidiary  of  THE  NATIONAL  LOCK  WASHER  COMPANY 
NEWARK  5,  N.  J.  WABUfw  lau  y  j  ^ 


reflected  back  to ,  the  transducer, 
which  in  turn  fed  the  echo  through 
an  electronic  amplifler  to  earphones 
and  a  range,  or  distance,  indicator. 
The  direction  in  which  the  transducer 
was  facing  indicated  the  target’s 
bearing.  Only  about  20  watts  of 
power  was  transferred  to  the  water 
and  echoes  were  obtained  from  a  few 
hundred  feet  distance.  The  equip¬ 
ment  gave  results  while  the  ship  in 
which  it  was  installed  was  underway 
at  speeds  below  three  or  four  knots. 
In  1927,  several  naval  vessels  com¬ 
menced  sea  trials  with  echo  ranging 
sonar. 

At  the  same  time,  the  Submarine 


Locations  of  major  components  of  modem 
echo  ranging  sonar  installation  on  on 
escort  ship.  Attack  plotter  and  bdi  (bear¬ 
ing  deviation  indicator)  are  developments 
of  World  War  II  that  greatly  increased  the 
effectiveness  of  sonar  In  oction 

Signal  Company  was  producing 
water-depth  indicators,  called  fath¬ 
ometers.  The  transmitter  consisted 
of  an  electromagnet  which  banged 
a  piston  against  a  diaphragm  facing 
the  ocean  bottom,  thereby  emitting 
a  1,000-cycle  sound  wave  which  was 
reflected  from  the  ocean  bottom  to  a 
button-type  microphone.  This  echo 
was  fed  to  a  calibrated  scale  where 
neon  light  flashes  indicated  the  depth. 
Fathometers  were  eventually  in¬ 
stalled  in  most  naval  vessels. 

The  JK  Hydrophone 

By  1929,  NRL  had  produced  a  lis¬ 
tening  sonar  device  which  replaced 
the  acoustical  SC  tubes  in  sub¬ 
marines.  It  was  designated  JK,  and 
was  in  effect  the  listening  portion 
of  the  echo  ranging  sonar.  The  lis¬ 
tening  head  had  the  shape  of  crystal 
transducers,  but  in  place  of  the 
I  quartz  crystals  used  in  echo^ranging, 
I  the  newly  developed  Rochelle  salt 
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SPEECH 

AMPLIFIER 


UMS  2  6Vea‘*  and  on*  iaSJ7 


This  Id  d  codBBlet* 
speech  dmplltter 
minus  tubes  snd 
power  supple  work- 
ins  from  cjmdmlr 
or  carbon  micro¬ 
phone  to  Class  B 
Siids.  Noise  level 
less  than  —55  db. 
Desirned  for  use  In 
ColTl na  ART  13 
Auto-tuna  trans¬ 
mitter. 

$7.95 


DYNAMOTOR 


]  2  volts  DC  Input — 
delivers  235  volts  at 
00  mils.  Complete 
with  Alter  —  mounted 
In  can.  6Vkk5^x3i,k 
with  cover. 


$2.95 


ADDITIONAL  NIAGARA  ITEMS 


Cdmbination  Special  .IE  29/829B  and  R.C.A.  Shielded 
Socket  #UT  107  with  built  in  by-pass  condenser — 

your  cost  . A . $6.99 

Hewlett-Packard  Audio  Oscillator  tr200  B,  freq. 
ranfe  20  cycles  to  20,000  cycles  in  3  ranaee.  Com¬ 
plete  with  tubes  and  power  supply,  used,  but  recon¬ 
ditioned  and  guaranteed.  $75.00 
Cramer  runninp  time  meter.  110  Volts  00  cycles — 
reads  to  9999.9  brs.  $4.95 

WestinphouM  2NA35-3V  0-150  Volts  AC . $4.95 

Weston  »301  0-1  amp . $4.95 

Variao  »2MB  1  amp . $5.99 

Variae  »200  C . $10.95 

Plata  Transformer— 6200  Volt  CT— 700  Mils  110 
Volta  00  cycle  tapped  primary  2  KVA  Amertran. 
Ualted  QaaaUty . $39.95 


NIAGARA  RADIO  SUPPLY 


lid  CraMwicIi  St.  Ndw  Y*rk  i,  N.  Y. 

Sand  far  aar  lataat  bullatin  4E 


u  —  — 


Illinois 

CONDENSER  COMPANY 


Both  Cotton  and  Rayon 
Flock  are  available  im- 
medietely  in  e  variety  of 
colors. 


A  trial  application  will  show 
you  how  easily  this  versatile 
material  may  be  handled  .  .  . 
how  practical  it  is  for  the 
above  mentioned  uses. 


Write  for  Booklet,  Color 
Card,  Semples  and 


FLOCK 


HAS  MANY  USES 
IN  RADIO 


1.  Coating  cabinet  interiors  dissipates  re¬ 
flections  and  adds  acenstical  qnalities. 


2.  Coatiog  the  edges  of  adioiniog  parts 
before  assembly  eliminates  vibration. 


3.  Coating  wire  grills  adds  a  smart  Goish 
at  low  cost. 


4.  Coating  pkonogropb  turntables  odds  a 
soft  non-scratching  cushion  for  records. 


S.  Cootiog  cabinet  bases  lends  a  soft 
velvety  "feel"  and  protection  to  table 
and  desk  tops. 


/7/i 

.  1  1  s  o  ' 


referred 


as  a  source  of  pre- 
cision  -  made 


W  A  S  H  E  R  S  and 
STAMPINGS 
manufactured  to 


CUP  WASHERS  manuiacTurea  to 
for  Binding  Screws  spee.ficat.ons 


WHITEHEAD  STAMPING  CO. 


1691  W.  Lafayette  Blvd. 


Detroit  16,  Michigan 


HYDROGEN 
NITROGEN-OXYGEN 


ARGOm 

HfLIijM  krypton 
XENON 


CX^MPLETE 
GAS  PRODUCTION 
PLANTS  INSTALLED 
FOR  LOWEST  COST 
OPERATION  .  .  . 


FORMING  MIXTURES 
CARBON  DIOXIDE 
ACETYLENE 


HIGHEST  OUAUnSS  •  ANT  QUANriTT 
DEUVERSD  ANYWHERE 


1616  N.  Throop  St  •  Chicago  22,  III. 


AMERICAH  GAS  &  CHEMICAL  CO. 


HARRISON,  NEW  JERSEY  •  Ceolnelad  Coaiplala  Socvioe  oa  AU  Ga 


4 


\ 


Right  where 
it  belongs 

PUTTING  THE  HORSE 
BEFORE  THE  CART 

for  finer  iastrumeatatha 


crystals  were  employed  since  they 
were  more  sensitive.  The  transducer 
was  mounted  topside  to  permit  use 
of  the  sonar  only  when  the  sub¬ 
marines  were  submerged.  The  JK 
increased  listening  ranges  to  about 
five  miles  under  average  water  con¬ 
ditions  and  gave  bearings  accurate 
to  within  a  few  degrees.  Shortly 
afterwards  they  were  modified  by 
the  addition  of  a  small  transmitter 
which  provided  a  feature  similar  to 
the  ping  feature  in  echo  ranging. 
This  feature  was  used  for  com- 


Victoreen  sub-miniature  vac¬ 
uum  tubes,  series  VX  with  10 
milliampere  filament  operation, 
grid  current  of  amperes 

and  grid  resistance  of  10^* 
ohms  or  greater,  offer  tubes 
especially  designed  for  exact¬ 
ing  circuit  requirements— rather 
than  the  expediency  of  using 
circuits  designed  around  ex¬ 
isting  tube  characteristics. 


"POCKET"  VOM 
A.C.-D.C.  Volta 

(V-5-60-250-1000 
D.C.  Mills 
0-.5-10-100-1000 
Ohms 

0-2.000-2a000-200.000- 

2  Meg. 

Six#  3”x5^"s2H‘’ 


Diaphragm  of  sonar  transducer,  showing 
nickel  magnetostriction  tubes.  Energizing 
coils  are  wound  around  the  indiyidual  tubes 


AVAILABLE  AS  PENTODES,  TETRODES, 
TRIODES  AND  DIODES 


RECORD  CHANGERS 

UTAH-DITROIA  aSSOC . 

WIBSTER.CHI€AeO  *S« . 


munication  between  submarines.  A 
few  JK’s  also  were  modified  for  un¬ 
derwater  voice  communication.  For 
many  years  the  JK  remained  as  the 
most  valuable  listening  equipment 
in  submarines. 


HALLICRAFTERS  SX-28A 


QB  Sonar  for  Submarines 

The  QB  echo  ranging  sonar  for 
submarines  was  developed  by  NRL 
about  1931.  It  was  practically  identi¬ 
cal  to  the  surface  vessel  sonar  except 
that  it  employed  Rochelle  salt  cry¬ 
stals  instead  of  the  quartz  crystals 
used  in  surface  ship  transducers. 
The  QB’s  were  subsequently  installed 
in  new  submarines  where  the  trans¬ 
ducer  protruded  through  the  keel, 
thereby  enabling  use  of  the  QB  at 
ship  speeds  up  to  about  five  knots 
whether  the  submarines  were  sur¬ 
faced  or  submerged.' 

The  QB  sonar  operated  satisfac¬ 
torily  up  to  ship  speeds  of  about 
five  knots,  but  beyond  that  the  roar 
and  crackle  of  water  noises  drowned 
out  target  noises  and  echoes.  To  re¬ 
duce  the  turbulence  caused  by  the 
movement  of  the  flatfaced  trans¬ 
ducers  through  the  water,  a  spherical 
cover  about  19  inches  in  diameter, 


SUPER  DEFIANT  ... 
SKY  CHAMPION  ... 
SKYRIDER  MARINE 
S40NEW  MODEL,.., 
SKYRIDER  JR.  S41.. 


. . SX23  $94.S0 

. S20R  60.00 

. S22R  74.SO 

Approximately  79.90 
.  99.90 


HAMMARLUNP  HQ-I29-.X$I29 


•  •  and  filling  another 
long  recognized  need 


TRIPLETT  625-N 

20000  ohms  per  volt  D.C. 

10000  ohms  per  volt  A.C. 

5'  Scale-TOPMOST  QUALITY 
(12)  D.C.  Volt  Ranges  to  5000 
(6)  A.C.  Volt  Ranges  to  5000 


(3)  OHM  Ranges  0^00-50000- 
10  Meg. 

(5)  D.C.  Current  Ranges  1  Ma. 
to  10  Amp. 

PLUS  OUTPUT  and  DB. 
RANGES 

$45.00  with  test  leads. 


Victoreen  Hi-meg  vacuum 
sealed  resistors  supply  the 
demand  for  a  stable  preci¬ 
sion  resistor  in  a  range  of 
100  to  10,000,000  megohms. 


PHILCO  BEAM  OP  LIGHT 

flsisnhim  Call  only,  no  bolder . . . . .  1 


20%  d^iwnt  required  on  all  C.O.D.  orders.  2% 
traiwportation  allowanee  on  orders  of  $25.00  or 
mote  aecompanied  by  payment  in  full. 


Write  for  technical  data  on 
VX  tubes  and  resistors. 


3S00  PERKINS  AVENUE 
CLEVELAND  14,  OHIO 
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Find  Out  Now  About 

★  STAR  ★ 
CERAMICS 


There  are  many  lands  for 
special  uses,  such  as  appli¬ 
cations  calling  for  resistance 
to  electricity,  heat,  moisture, 
chemicals  or  weathering 
agents.  There  ore  more  than 
a  score  of  formulas  in  ac¬ 
tual  production  at  one  time 
in  our  factory. 

Send  for  "A  Brief  Survey 
of  Technical  Characteristics 
of  Molded  Ceramic  Prod¬ 
ucts/'  It  is  right  to  the  point. 


The  STAR 
PORCELAIN  CO. 

Electronics  Dept. 

Trenton  9,  N.  J. 


illustrated  above  Is  an  example  of  the  type 
of  work  Gray  knows  how  to  do  —  and  do 
well.  We're  open  now  for  contracts  and  sub¬ 
contracts  In  this  highly  specialized  field. 
Write  to  Laurence  McCulloch,  address  below. 


RAY  MANUFACTURIHe  CO. 

W.  E.  DITMARS,  President 

230  Park  Ave..  N.  Y.  17,  N.  Y.  e  16  Arbor  St.,  Hartford  6,  Conn. 


Specialists  in  intricate 
electrical  mechanical  assemblies 


Solves  the  Problem  of 
Mailing  List  Maintenance! 


Probably  no  ether  organisation  it  as 
well  equipped  as  Mc6raw-Hill  to 
solve  the  complicated  problem  ef 
list  maintenance  during  this  period 
of  unparalleled  change  in  industrial 
personnel. 

McGraw-Hill  Mailing  Lists  cover 
most  major  industries.  They  are  com- 

tiled  from  exclusive  Sources,  and  are 
ased  on  hundreds  of  thousands  of 
mail  questionnaires  and  the  reports 
of  a  nation-wide  field  staff.  All  names 
are  guaranteed  accurate  within  2%. 

When  planning  your  direct  mall 
advertising  and  sales  promotion,  con¬ 
sider  this  unique  and  economical  serv¬ 
ice  in  relation  to  your  product.  Details 
on  request. 


Would  a  vibration  meter 
‘locate  trouble  in  your 
WASHER? 

'''■  Electrical,  equipment  requires  super-precision 
rig'd'fy  —  dependability.  Make  sure  with 

QUADRIGA  Quality  Washers 

Washers  to  specifications,  of  any  type,  purpose  or  material;  which  can  be 
fabricated  by  punch  press.  Flat,  Special  Dimensions,  Irregular  Contour,  Tension 
and  Spring,  Formed  and  Drawn,  Cupped  and  Finishing,  etc.  Wire  Terminals. 
Send  for  complete  catalog. 


Also  SMALL  METAL  STAMPINGS,  any  design 


Prompt  delivery 


THE  QUADRIGA  MANUFACTURING  CO. 

Inc.  1894  “Half  a  Century”  221-AW.  Gr.ind  Ave  .  Chic.igo  10.  Ill 


■nieHicw-niii  rHuiiauiii5  wwa«  wii. 

DIRECT  MAIL  DIVISION 

330  Watt  42nd  St.,  New  Yark,  It.  N.  Y. 


THE  AMERICAN  PLATINUM  WORKS 

PRECIOUS'  METALS  SINCE  1875 


N  J  R  R  AVE  AT  OLIVER  ST 
NEWARK  5  N  J 
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Dockcd  by  lo  years  or  experience  m  production  tor  many 
leading  radio  manufacturers,  we  Invite  your  cabinet  prob¬ 
lems  for  solution.  Authoritative  "know-how  "  with  all  woods 
and  all  finishes.  May  we  have  your  specifications. 


MOI  NT  VKRNON  CABINET  CO..  Ivr 


made  of  sound-transparent  rubber, 
was  developed  by  NRL  in  colla¬ 
boration  with  the  Goodrich  Rubber 
Co.  This  dome  permitted  10-knot 
speeds  before  water  noises  became 
excessive,  and  was  subsequently  in¬ 
corporated  in  all  transducers. 

About  this  time  a  transducer  was 
invented  in  which  magnetostriction 
tubes  replaced  the  quartz  or  salt 
crystals.  These  tubes  were  small 
electromagnets  consisting  of  a  three- 
inch  long,  i-inch  diameter  nickel 
alloy  hollow  tube,  around  which  was 
wound  a  coil  of  wire.-  The  tubes 
elongated  or  contracted  when  their 
magnetic  flux  was  changed.  The  elec¬ 
trical  energy  from  the  transmitter 
caused  movements  of  the  magneto¬ 
striction  tubes  which  vibrated  the 
diaphragm  of  the  transducer,  there¬ 
by  emitting  pings.  Conversely,  when 
sound  waves  which  struck  the  di¬ 
aphragm  caused  a  change  in  the 
magnetic  flux  of  the  magnetostric- 


personnel  Experience 
ills 

ersonalized  Snpervision 


Performance 


LECTROHM 

ADJUSTABLE 

RESISTORS 


Varying 

Resistances, 

Voltage 

Dividers, 

and 

Experimental 

Work 


•  Accurately  spaced  windings  integrally  embedded 
in  vitreous  enamel. 

•  Dependable  ratings  on  every  individual  unit. 

•  Resistance  wire  silver  soldered  to  lugs  by  special 
process  for  positive  electrical  contact. 

•  Available  with  one  or  more  adjustable  bands. 

•  Ratings  from  10  watt  to  200  watt. 


Request  complete  dat« 
on  these  and  other  Lee 
trohm  Resistor  styles. 


5127  West  25tii  Street,  Cicero  50,  Illinois 

Division  of  Tht  National  Lock  Washor  Co.,  Nnwark,  N.  J. 


Dilrer  miH  of  modem  edio  remgiag  aenor. 
being  checked  with  portable  test  monitor. 
This  unit  energises  the  magnetostriction 
transducer  that  sends  the  sound  signal  into 
the  water 


tkip  *  roJudiotn 


tion  tubes,  an  electric  current  was 
generated  which  resulted  in  signals 
corresponding  to  the  sound  source, 
i.e.,  propeller  noises,  echoes  from 
pings,  etc.  In  1934,  the  Bureau  of 
Ships  designed  and  the  Submarine 
Signal  Company  commenced  produc¬ 
tion  of  the  magnetostriction  echo 
ranging  equipments.  Magnetostric- 
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F.  W.  STEWART  MFC.  CORP. 

4311-13  RAVENSWOOD  AVE 
CHICAGO  13  ILL. 

WEST  <OAS»  BBAnCM 


PERMANENT  MAGNETS 


mkiiiiu^r 


LOOK  TO 


power 


Absolute  thoroughness  in  design  and  manufacture  is  one  port  of  Electronic 
Engineering  Company  policy.  The  other  part  is  detailed  inspection  at  every 
manufacturing  phase.  This  is  your  assurance  of  dependable  performance— 
because  every  Electronic  Engineering  transformer 
this  InspecHon  Plus. 


The  making  of  permanent  magnets  is 
an  alloy,  too ...  of  experience,  engi* 
neering,  facilities.  WeTI  be  glad  to 
tell  yoj  more.  Write  for  bulletin. 


Filaments,  anodes,  supports, 
springs,  etc.  lor  electronic  tubes. 
Small  wire  and  Hot  metal  formed 
ports  to  your  prints  lor  your  as* 
semblies.  LUXON  fishing  tackle 
accessories,  double  pointed  pins, 
line  size  wire  straightened. 
Inquiries  will  receive  prompt 
attention. 


THOMAS  &  SKINNER  STEEL  PRODUCTS  Ca 
1116  L  23rd  SI.,  IndteMopolis  S,  Ind. 


XCEUTE  tools  will  soon  bo  back!  Salos  oi  tboso  qualitr^ailt  XCELITE 
tools  (such  as  tho  XCSLITE  nut  drioor  aboTo)  boro  outpocod  produc¬ 
tion  .  .  .  but  will  soon  bo  orailablo  to  you  oqoin  tor  fcntor,  oosior, 
moro  accurerto  work! 

PARK  METALWARE  CO..  INC. 

1^  j  Dept.  C,  Orchard  Park  New  York 

Vw  PREFERRED  BY  EXPERTS 
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tion  echo  sounding .  equipment  for 
measuring  water  depth  gradually  re¬ 
placed  the  fathometer  in  naval 
vessels.  To  provide  more  equipment, 
the  Radio  Corporation  of  America 
was  placed  under  contract  by  the 
Bureau  of  Ships  and  commenced 
production  of  echo  ranging  sonar  in 
the  summer  of  1939. 


Specifications 

•Motor  Type  KS-837  •Speed  1140 

•Model  14  225S  •IIS V.A.C 60 cycles 

•Approx.  1/20  H.P.  •Split  phase  induction 
•Continuous  duty 


Report  on  Precipitation  Static 

One  of  the  three  great  problems 
of  bad-weather  flying,  the  interrup¬ 
tion  of  aircraft  radio  communica¬ 
tions  by  precipitation  static,  has 
been  overcome.  As  a  result  of  three 
years  of  intensive  research  by  Army 
and  Navy  physicists  under  the  lead¬ 
ership  of  Dr.  Ross  Gunn,  aircraft 
radio  communication,  radio  aids  to 
navigation,  and  radar  can  be  used 
with  little  fear  that  static  will  block 
them  out. 

Since  precipitation  static  is  largely 
caused  by  corona  on  antennas  and 
nearby  points,  the  way  to  eliminate 
static  is  to  eliminate  corona  on  or 
near  the  antenna.  This  can  be  done 
in  three  ways: 

(1)  The  electric  field  on  the  air¬ 
plane  can  be  reduced  by  the  use  of 
electrostatic  dischargers  which  re¬ 
duce  the  amount  of  stored  charge 
and  thereby  lower  the  field.  The 


Where  quiet,  vibrationless  operation 

we  recom- 


and  long  life  are  essential 
mend  this  special  flA 


for  your  continuous-duty  fan  and 
blower  applications,  such  as  oil, 
gas,  or  steam  unit  heaters — oil  burn¬ 
ers  —  air-conditioning  units  ~  etc. 

Construction  features :  Motor  is  total¬ 
ly  enclosed*  Tubular  steel  stator 
housings  are  rabetted  to  fit  die  cast  end 
bells,  providing  perfect  alignment. 
Bronze  sleeve  bearings  are  grooved  for 
best  oil  distribution.  Oversize  felt  oil 
retainers  feed  oil  to  shaft  through  two 
spring  tension  wicks  at  each  bearing. 


Resilient  neoprene  motor  mount- 
ii^s  absorb  vibration  —  are  not 
affected  by  oil  and  grease.  Can  be 
furnished  with  standard  motor 
mounting  dimensions.  Finished  in 
blade,  baked  enamel.  Length  over 
bearings,  8%'".  Hou.>iiig  diameter 
4-27/64".  Weight  15  lbs. 

Orders  for  this  motor  are  now  in 
production.  If  you  need  special  mo¬ 
tors  for  your  products,  wnte  for  in¬ 
formation. 

SptlalhH  in  tpneiof  motors  — 
Ufi^  soriM.  split  pteso,  copocifer, 
IHKIIlep  wwlS*  synchronous,  end  shaded  pefo 


This  protection  can  be  guaranteed  through  the  use  of 
G-E  Interlock  Switches  on  radio  transmitters.  X-ray  and  thera¬ 
peutic  machines,  burglar  alarms,  and  signal  controls  for  fire  doors. 

Safety  first  for  equipment  is  important,  too.  G-E  Indicator 
Lamps  give  visual  evidence  of  what  is  going  on  inside  equipment, 
and  circuit  troubles  can  be  corrected  before  they  become  serious. 
V/ritc:  Electronics  Department,  General  Electric  Company, 
Syracuse,  New  York, 


Inxtallertion  of  up  to  a  doien  electrostatic 
wick  dischargers  like  this  at  strategic 
points  on  on  average  plane  will  reduce 
charge  on  airplane  by  50  percent,  with  cor¬ 
responding  reduction  in  precipitation  static 


ELECTRIC 


project  has  developed  a  silver-im¬ 
pregnated  cotton  wick,  about  13 
inches  long,  covered  with  a  plastic 
material  for  mechanical  protection. 
Wicking  is  frayed  at  the  outer  end 
by  the  air  stream,  producing  a  multi¬ 
tude  of  small  fibers  on  which  the 
surface  field  is  very  high.  The  dis¬ 
charge  from  these  wicks  is  corona 
but  the  amplitudes  of  the  associated 
voltage  transients  are  so  greatly 
attenuated  by  the  high  resistance  of 
the  wick  fibers  that  they  produce  a 
negligible  amount  of  static  noise  in 
aircraft  radio  receivers.  Ten  to 
twelve  wicks  should  be  installed  on 
average  airplanes,  the  exact  number 
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j.nd  location  being  determined  by  the 
137)6  of  airplanes. 

(2)  Antennas  may  be  placed  in 
shielded  positions  on  the  airplane. 
Since  corona  always  breaks  out  first 
on  the  exposed  points  of  small  radii 
of  curvature  the  corona  can  be  trans¬ 
ferred  away  from  the  antenna  to  a 
more  exposed  point  if  the  antenna  is 
brought  within  the  area  shielded  by 
more  exposed  points. 

(3)  Antennas  and  antenna  masts 
may  be  covered  with  insulation  of 
high  dielectric  strength  which  will 
prevent  corona  discharge  from  the 
antenna  even  though  the  surface 
field  is  high.  The  best  insulation 
material  for  this  purpose  found  so 
far  is  polyethylene,  a  tough,  flexible 
plastic  of  high  dielectric  strength, 
low  dielectric  loss,  and  relative  in- 
srtness  to  sunlight  and  solvents. 
The  wire  now  being  used  is  51-mil 
solid  Copperweld  wire  covered  with 
polyethylene  to  an  outside  diameter 
of  183  mils. 

All  bare  portions  of  the  antenna 
system  should  be  insulated.  A  poly¬ 
ethylene  tape  may  be  used  for  this 
purpose,  if  applied  with  considerable 
tension  to  avoid  air  pockets.  After 
first  removing  any  sharp  projections 
and  building  up  any  irregularities 


Eflect  of  antenna  ineulotion  on  radio  noise 
due  to  precipitation  static 


with  tape,  a  smooth  spiral  with  i  to 
§  overlap  should  be  wound,  extend¬ 
ing  li  inches  over  adjoining  in¬ 
sulators. 

The  polyethylene  covering  of  the 
antenna  system  will  prevent  corona 
until  the  intensity  of  the  electric 
field  becomes  so  great  that  a  punc¬ 
ture  the  size  of  a  pin  hole  will  de¬ 
velop.  A  device  has  been  developed 
which  will  indicate  when  any  punc¬ 
ture  has  been  made. 

Nearby  Corona 

Even  though  the  antenna  system 
be  perfectly  insulated,  any  corona  in 
the  immediate  vicinity  will  be  cou¬ 
pled  into  the  system  in  sufficient 


OUTPUT  VOLTAGE:  Approximately  150  volts  positive. 

OUTPUT  IMPEDANCE:  6Y6G  cathode  follower  with  1000  ohm  load. 

R.  F.  MODULATOR:  Built-in  carrier  modulator  applies  pulse  modulation  to  any 
r.f.  carrier  below  100  me. 

MISCELLANEOUS:  Displaced  sync  output,  individually  calibrated  frequency  and 
pulse  width  dials,  117  volt,  40-60  cycles  operation,  size  14"x10"x10", 


wt.  31  lbs. 


MEASUREMENTS' 


Immediate  Delivery 


CORPORATION 


BOONTON  •  NEW  JERSEY 


STANDARD! 

CRYSTALS 


For  commercial  airline,  civilian  aircraft,  marine,  police,  railway, 
automotive,  and  other  communication  equipment. 

Complete  line  for  the  amateur  bands. 

Custom  units  for  laboratory,  experimental,  and 
specialized  applications. 

Let  us  engineer  your  frequency  control  problems. 

Write  for  free  catalog  and  other  information. 


Standard  Piezo  Company 

Kstahlished  19,^6 

Quartz  Crystals  and  Frequency  Control  Equipment 

•  Office  and  Development  laboratory 

S(  R^NTo^',  Pa.  Cari  isi  f.  Pa.,  P.  O.  Box  l6-ii  Cari  isi  f.  P.a. 
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Transmitting  Coils 

Are  Dependablel 


When  you  need  a  radio  frequency 
coil  that  can  be  depended  upon  to 
give  you  the  utmost  in  service  and 
quality,  make  your  selection  from  the 
BUD.  line. 

"Since  one  of  the  most  effective  means 
of  varying  the  loading  of  an  R.F. 
stage  is  by  the  use  of  a  variable  link 
to  the  plate  tank,  this  line  of  induc¬ 
tances  has  this  feature  incorporated 
in  it. 

These  coils  are  distinguished  by  their 
rigid  construction,  attractive  appear¬ 
ance,  convenient  mounting  base  and 
conservative  power  rating.  The  ce¬ 
ramic  mounting  base  permits'easy  re< 
moval  without  disturbing  the  winding. 

Ask  your  local  distributor  to  show  you 
these  coils.  He  can  explain  them  in 
detail  to  you. 

Bud 

Can  Supply  All  Your  Needs! . . 

.  .  .  with  the  latest  types  of  equipment  in¬ 
cluding:  condensers — chokes— coils — insula¬ 
tors  —  plugs  —  jacks — switches — dials — test 
leads — jewel  lights  and  a  complete  line  of 
ultra-modern  cabinets  and  chassis. 


BUD  RADIO,  INC. 


CLEVELAND  3.  OHIO 


degree  to  cause  some  interference. 
Metal  antenna  masts  and  pitot  tubes 
are  frequently  used  on  airplanes.  A 
metal  antenna  mast  should  be  re¬ 
placed  by  plastic  if  possible,  or  if 
not  possible,  should  be  smooth  and 
well-rounded,  all  edges  having  a  ra¬ 
dius  of  at  least  1  inch,  and  all  sharp 
points  smoothed  off  and  wrapped 
with  polyethylene  tape. 

Portions  of  antenna  wire  used  only 
for  support  should  be  removed  wher¬ 
ever  possible.  Both  grounded  sec¬ 
tions  and  floating  sections  in  the 
antenna  system  may  nullify  the  ef¬ 
fort  in  improving  the  antenna  to 
eliminate  corona. 

MEETINGS  TO  COME 

Sept.  10-14;  National  Chemical 
Exposition;  Coliseum,  15th  and  Wa¬ 
bash  Ave.,  Chicago,  Ill. 

Sept.  16-20;  Instrumentation  for 
Tomorrow — Exhibit  and  Confer¬ 
ence;  Wm.  Penn  Hotel,  Pittsburgh, 
Pa.;  daily  technical  sessions  and  pro¬ 
gram  of  short  educational  courses. 

Oct.  3-5;  National  Electronics 
Conference;  Edgewater  Beach  Ho¬ 
tel,  Chicago,  Ill.;  technical  programs 
under  three  main  heads — communi¬ 
cations,  industrial  electronics,  and 
scientific  and  medical  developments. 

Oct.  10-11;  Television  Broadcast¬ 
ers  Association  Conference;  Wal¬ 
dorf-Astoria  Hotel,  New  York  City; 
latest  television  equipment  will  be 
exhibited. 

BUSINESS  NEWS 

St.  John  X-Ray  Laboratory  has 
moved  all  facilities  to  its  own  build¬ 
ing  in  Califon,  N.  J. 

Aireon  Mfg.  Corp.  of  Kansas  City 
has  transferred  its  Cinaudagraph 
Speakers,  Inc.  subsidiary  from  Chi¬ 
cago,  Ill.  to  Slater,  Missouri,  where 
additional  facilities  are  available 
for  the  manufacture  of  loudspeakers. 

Airborne  Instruments  Laboratory, 
Inc.,  Mineola,  Long  Island  has  been 
set  up  to  carry  on  for  both  commer¬ 
cial  and  military  interests  some  of 


^Aaswering  your  quostions  on. 


How  ELECTRONIC! 
DEVICES  WORK 
IN  INDUSTRY 


V. 


—  tubes  —  circuits 

—  the  split-second 
operations  —  clear¬ 
ly  diagrammed  and 
explained  in  this 
detailed  manual. 


•  Here  is  what  you  want 
to  know  about  the  elec¬ 
tronic  devices  used  in 
your  plant.  The  book 
gives  you  a  quick  look 
inside  vacuum  tubes — to 
complete  tubes  working  in  proven  circuits.  It 
shows  you  how  each  part  of  the  circuit  acts 
during  the  split  second  and  reveals  the  real 

magic”  of  electronics. 

•  Plain  description  is  used  throughout.  No 

I?"*  — no  difficult  math — no  technical 

descriptions  are  used.  Ev’erything  is  explained 

carefully  with  the  help  of  almost 
JOO  diagrams.  Every  effort  has  been  made  to 
supply  the  user  of  electronic  equipment  with 
the  facts  he  needs  to  help  him  better  under¬ 
stand  the  equipment  now  serving  in  industrial 
plants. 


Just 

Out 


ELECTRONICS 
IN  INDUSTRY 


By  George  M.  Chnte 

Application  Engineer.  General  Electric 
Company,  Detroit 

40S  pages.  6x9,  292  dlagramH,  fA.OO 


This  book  offers  unusually  thorough  coverage 
of  electronics.  It  supplies  a  much  more  de¬ 
tailed  and  simplifled  description  of  the  subject 
than  is  normally  given.  Every  type  of  elec¬ 
tronics  tube  and  tube-operated  circuit  is  treated 
with  completeness,  from  the  simplest  tube  to 
the  most  complex  circuit  developed  during  the 
war  and  in  wide  use  today. 

Tb*s*  28  chapters  help  yee  uaderstaad 
the  iadastriol  gtes  of  electronics 


1.  Choosini  slsetrsnict 
fsr  your  needs 

2.  How  electricity  lasies 
throuih  an  electron 
tube 

3.  Control  of  electron 
flow  within  a  tube 

4.  Time-delay  action 

5.  Tubes  in  A-C  cirouits 

S.  The  A-C  time-delay 

relay 

7.  Kinds  of  high  vac¬ 
uum  tube 

8.  Light  and  heat  relays 

8.  Contrelling  large  cur¬ 
rents  with  tubes 

10.  Obtaining  D-C  power 
supply  for  tube  cir¬ 
cuits 

11.  Thyratron  tubes 

12.  Resistance  -  welding 
controls 

13.  Gradual  control  of 
thyratrons  by  phase 
shifting 

14.  Heating  and  light- 
dimming  controls 


IS.  Tube  eestrol  of  a  0-C 

meter 

IS.  Are-welding  control 

17.  Voltage  and  speed 
regulators 

18.  Law  -  current  recti- 
flers 

IS.  High  frequencies  and 
shorter  wave  lengths 

2t.  Inverters,  oscillaters 
and  the  dectronle 
heater 

21.  Temperature  recorders 

22.  High-speed  light  re- 
lujfs 

23.  Register  centrols 

24.  Thy-me-trol  —  Auto- 
matle  tube  control  of 
D-C  motors 

25.  Thy-mo-trol  for  small 
motors 

28.  Regulators  of  welding 
veltago  and  current 

27.  electronic  servlee  In¬ 
struments 

28.  Non  •  electronic  de¬ 
vices 


For  10  days  FREE  TRIAL  mail  cogpon 


McGraw-Hill  Book  Co..  330  W.  dlnd  Sf.. 
N.  Y.  C.  It 


the  research  projects  begun  during 
the  war  at  MIT’s  Radiation  Labora¬ 
tory,  Harvard’s  RRL,  and  Columbia’s 
Airborne  Instruments  Laboratory. 
All  stock  is  owned  by  Aeronautical 
Radio,  Inc.  Personnel  now  numbers 
171,  of  whom  65  are  scientists  and 
engineers  and  20  are  skilled  techni¬ 
cians.  Air  traffic  controls  and  radar 


Send  me  Chute— ELECTRONICS  IN  INDUSTRY  for  10 
days’  examination  on  approval.  In  10  days  I  will  send 
$5.00.  plus  few  cents  postage,  or  return  book  postpaid. 
(Postage  paid  on  cash  order.) 

Name  . 

Address  . 

City  and  State  . 

Company  . 

Position . Ij.  7-40 

For  Canadian  price,  write:  Embassy  Rook  Co., 

12  Richmond  St.  E..  Toronto,  1 
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\varning  devices  are  among  imme¬ 
diate  projects  sponsored  by  commer¬ 
cial  airlines. 

Kellogg  Switchboard  and  Supply 
Co.,  Chicago,  has  purchased  Select-0- 
Phone  Co.  of  Providence,  R.  I.,  manu¬ 
facturers  of  automatic  telephone  sys¬ 
tems. 

Cornell-Dubilier  Electric  Corp., 
South  Plainfield,  N.  J.  has  purchased 
an  eight-story  building  in  Worcester, 
Mass.,  three  floors  of  which  it  had 
leased  during  the  war  for  production 
of  the  tiny  capacitors  used  in  prox¬ 
imity  fuzes. 


with  new  TraHshrmer  Type 

SPEED  IRON* 

/ECOV 


Release  trigger  and  circuit  breaks 
automatically.  Intermittent  heat  saves 
power  when  continuous  use  is  unnec¬ 
essary.  Fast  heating,  SPEED  IRON  is 
always  ready  Jor  use. 

•  SOIDII^N  TIGHT  PUCES-AROUNO  CORNERS 

•  PERFECTIY  lAUNCEO-EASY  TO  HANOU 

•  STAYS  TIHHED-MO  TIP  lURNING 

•  LOW  VOLTAGE,  HIGH  CURRENT  FROM  RUHMN  TRANS- 

_^FORMER  ^ 

•  IMPAa* RESISTANT  PIASTK  CASE  AND  HANDLE-STAYS 

COOL 

W.ELLER  MFC.  CO. 

510  NORTHAMPTON  ST.  •  EASTON,  PA. 

*TnADE  MARK  REG.  U.  S.  PAT.  OFF. 


100  WATTS 


115  VOLTS 


60  CYCLES 


SEC  WHAT 


YOU  SOLDER 


Ask  lor  SPEED  IRON  at 

yoar  RADIO  PARTS  DISTRIBUTOR 


Federal  Telephone  and  Radio 
Corp.  announces  that  construction  is 
well  under  way  for  its  new  manufac¬ 
turing  plant  and  administration 
building  at  Clifton,  N.  J.  When  com¬ 
pleted,  the  company  will  have  ap¬ 
proximately  20  acres  of  floor  space 
at  Clifton. 


RCA  Victor  Division  purchased 
from  the  U.  S.  Navy  Department  for 
$4,362,500  the  Lancaster,  Pa.  tube 
manufacturing  plant  which  they 


Considered  the  most  modem  electron  ond 
teloTision  tube  manuiocturing  plomt  in  the 
world,  this  Lancaster.  Po.  one-floor  air-con¬ 
ditioned  building  purchased  from  the  Nary 
by  BCA  proTides  326.000  square  feet  of 
manufacturing  space 

built  and  operated  for  the  Navy 
during  the  war,  and  will  invest  an 
additional  $2,000,000  to  expand  and 
further  modernize  the  plant’s  high¬ 
speed  production  equipment  for 
cathode-ray  tubes. 

McQuay-Norris  Mpg.  Co.,  St.  Louis, 
producers  of  the  v-t  proximity  fuze 
during  the  war,  have  purchased  the 
L.  M.  Persons  Corp.  and  the  South¬ 
ern  Electronics  Co.,  both  also  in  St. 
Louis.  Expansion  plans  are  under 
way  for  entry  into  the  post-war  elec¬ 
tronic  and  electric  products  field. 

Electronic  Associates  Inc.,  Long 
Branch,  N.  J.,  organized  by  officers 
and  men  of  the  New  Equipment  In¬ 
troductory  Detachment  in  the  Office 
of  the  Chief  Signal  Officer  while  they 
were  still  in  uniform,  is  now  pro- 


Don  Overlook  C  J.C’s  New 
l-F  Slug  Tuned  INDUCTOR 

This  comp.ict,  easy- to- mount 
LS-3  coil  is  available  in  four  wind¬ 
ings  (see  below).  Total  possible 
frequency  span  is  from  me.  to 
better  than  150  me.  You’ll  find 
them  ideal  for  many  applications. 

The  chart  gives  the  individual 
characteristics: 


Q 

DC 

RESISTANCE 

INDUCTANCE 

VARIATION 

OF 

INDUCTANCE 

TYPE  & 
SIZE  OF 
WIRE 

NO.  OF 
TURNS 

TYPE  OF 
WINDING 

1  meg. 
unit 

56 

18.14  olini 
fe23*C 

420  micro- 
h«nri«t  ±  5% 

325  to  750 
microhenriut 

F38  SCE 

198 

Multiple 

10  m«g. 
unit 

44 

1.90  ohm 
@I9.5*C 

8.4  micro- 
h«nri«t  ±  5% 

4.75  to  14.25 
microhenries 

F38  SCE 

24.5 

Multiple 

30  mug. 
unit 

46 

.126  olmi 

^20*C 

0.7  micro- 
h«nri«s  ±  5% 

.350  to  1 .0 
microhenries 

128  E 

7 

Single 

loyer 

60  mug. 
unit 

46- 

50 

.126  ohm 

fe20’C 

.061 

.1 02  micro- 
hun>iu»±5% 

.065  to  .095 
microhenries 

/28  E 

2 

Single 

loyer 

If  these  standard  LS-3  <fon’(  meet  your  retyttirements, 
we’ll  be  pleased  to  submit  quotations  .on  coils  built 
to  your  specifications.  Write  for  C.T.C.  Catalog  No.  100- 

CAMBRIDGE  THERMIONIC  CORPORATION 

439  Concord  Avenue  •  Cambridge  38,  Moss. 
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viding  electronic  consulting,  engi. 
neering,  design,  and  development 
services  for  industrial  firms  and  gov¬ 
ernment  agencies. 

Resistors,  Inc.,  Chicago,  Ill.,  has 
been  organized  by  Joseph  J.  Cerny, 
formerly  president  and  general  man¬ 
ager  of  Lectrohm,  Inc.,  to  manufac¬ 
ture  a  complete  line  of  resistors  and 
associated  products. 

Armour  Research  Foundation,  Chi¬ 
cago,  has  established  a  Magnetic  Re¬ 
corder  Division  headed  by  Carl  L. 
Titus.  Thirty  companies  are  now 
licensed  to  produce  its  recorders,  the 
last  four  being  Garrard  Engineering 
and  Mfg.  Co.,  Ltd.  of  England, 
Ateliers  de  Constructions  Elec- 
triques  de  Charleroi  of  Belgium, 
Avery  Sound  Instrument  Corp.  in 
New  York  City,  and  Magnicord,  Inc. 
in  Chicago. 

Serdex,  Inc.,  Boston,  Mass.,  has  been 
formed  to  do  development  work  in 
meteorological  instrumentation,  elec¬ 
tronics,  and  communications.  D.  C. 
Bradford,  formerly  with  Radiation 
Laboratory,  is  chief  engineer. 

Federal  Electric  Mfg.  Co.,  Ltd.  of 
Canada  has  been  organized  in  Mont¬ 
real  as  a  wholly-owned  subsidiary  of 
Federal  Telephone  and  Radio  Corp., 
Newark,  N.  J.  to  produce  telephone, 
radio,  and  electrical  equipment  for 
Federal’s  customers  in  Canada.  Nor¬ 
man  E.  Wunderlich,  new  executive 
sales  director  of  Federal,  announces 
receipt  of  an  order  from  CBC  already 
for  two  50-kw  a-m  broadcast  trans¬ 
mitters,  one  for  Winnipeg,  Manitoba, 
and  the  other  for  Edmonton,  Alberta. 

Emerson  Radio  and  Phonograph 
Corp.,  New  York,  N.  Y.,  received  the 
Naval  Ordnance  Development  Award 
for  its  contribution  to  the  radio  prox¬ 
imity  fuze  research  and  development 
program. 

Anaconda  Wire  and  Cable  Co.  re¬ 
ceived  the  Naval  Ordnance  Develop¬ 
ment  Award  for  development  of  a 
still-secret  device  used  in  connection 
with  magnetic  underwater  ordnance. 
It  involves  a  gradiometer  coil  so 
sensitive  that  a  piece  of  steel  no 
larger  than  a  penny  is  sufficient, 
when  in  the  field  of  the  coil,  to  de¬ 
tonate  the  associated  explosive 
charge. 

Applied  Physics  Laboratory,  Silver 
Spring,  Md.,  was  presented  with  the 
Naval  Ordnance  Development  Award 
for  outstanding  research  and  devel- 


/Veir  PlofU  to  Speed  Pro- 
d^tion  of  R.F.  Cods, 
W tndings.  Sub-assemblies 
and  Radio  and  Electrical 
Test  Equipment! 

YOUR  INQUIRIES  INVITED 

•«IiUsltlon  of  now  and 
*?**J*«^  Ptont  fnclUtles  at 
hi*  CInrfnnaU,  Ohio, 

lao  »nrtnimont  Laboratory, 

forward  in 

w  oiarch  of  aervlooa  now  offerod 

CUppyd,  with  24,000  additional 
SQiiar»  feot  of  prodnrtlon  q>aee.  Is 
now  In  M  Ideal  position  toluol* 

Wectro-MarwSc 

P™****™*  with 


Do  you  need  precision  R.  F.  Coils, 
Electro-mognetic  windings,  Sub-ossem* 
blies,  or  Specialized  Electrical  and 
Electronic  Test  Equipment  for  the  lab¬ 
oratory  or  production  line?  Hove  you 
o  tricky  engineering,  assembly  or  pro¬ 
duction  job  on  which  you  need  help? 

Take  advantage  of  Clippord's  repu¬ 
tation  for  "know  how"  and  Clippord's 
enlarged  production  facilities.  Skill, 
accuracy  and  dependability  remain  our 
creed,  and  we  con  now  give  service 
and  delivery  heretofore-  impossible. 

Let  us  know  your  R.  F.  Coil  and 
instrument  needs,  TODAY! 


i^,ondenser 
Products  ii^ompany 

BRANCH  STREiT  •  CHICAGO  22,  ILLINOIS 


214 


Ja/y  7946— ELECTRONICS 


opment  work  on  the  radio  proximity 
fuze,  gun  directors  Mark  57  and  61, 
a  torpedo  explorer,  and  guided  mis¬ 
siles. 

Philips  Co.,  Eindhoven,  Holland,  has 
recovered  from  Germany  the  com¬ 
plete  equipment  of  its  radio  tube  fac¬ 
tory,  consisting  of  1,200  machines, 
and  is  now  operating  at  better  than 
60  percent  of  prewar  capacity.  Labor 
shortages  at  Eindhoven  are  forcing 
removal  of  some  operations  to  other 
parts  of  the  country,  with  one  new 
plant  for  processing  radio  tubes  be¬ 
ing  scheduled  for  Sittard.  The  pres¬ 
ent  labor  force  of  17,000  is  consid¬ 
ered  inadequate  to  handle  the  orders 
coming  in. 

Crosley  Corporation,  Cincinnati, 
Ohio,  received  on  behalf  of  its  Prim¬ 
rose  Plant  9  the  Naval  Ordnance  De¬ 
velopment  Award  for  contributions 
to  the  success  of  the  variable-time  | 
fuze  for  projectiles.  By  Feb.  1943,  ! 
the  5,000  employees  in  this  plant  were  | 
turning  out  5,000  fuzes  a  day.  A  ; 
total  of  5,250,000  units  of  47  differ-  i 
ent  types  of  v-t  fuzes  were  produced 
at  Crosley,  and  500  different  types 
of  fuzes  were  engineered. 

PERSONNEL 

H.  Russell  Brownell,  formerly  with 
the  engineering  department  of  West¬ 
ern  Electric  Co.,  has  opened  his  own 
offices  and  laboratory  at  188  West 
Fourth  St.  in  New  York  City  and 
offers  consulting  services  on  electri¬ 
cal,  electronic,  and  magnetic  testing 
and  measurement  problems,  along 
with  calibration  and  repair  of  special 
measuring  equipment. 

Rosel  H.  Hyde,  with  the  FCC  and 
its  predecessor  since  1928,  has  been 
appointed  Commissioner  to  fill  the 
unexpired  term  of  the  late  Governor 
William  H.  Wills. 

William  Hebal  succeeds  Dan  Gel- 
lerup  as  broadcast  technical  super¬ 
visor  for  the  Milwaukee  Journal  ra¬ 
dio  stations  WTMJ  and  WTMJ-FM. 

Fred  P.  Andrews,  commanding  of¬ 
ficer  of  Alaska  Communications  Sys¬ 
tem  for  the  last  five  years,  was  made 
assistant  to  the  president  of  Press 
Wireless,  Inc.,  New  York  City. 

Kenneth  G.  Morrison,  chief  engi¬ 
neer  of  radio  station  KRE  in  Berke¬ 
ley,  California  for  four  years  and  on 
the  engineering  staff  of  NBC  in  San 
Francisco  for  three  years  prior  to 


EASTERN  PUMPS 

COVER  A  WIDE  RANGE  OF  PERFORMANCE 


S  (0IS202SMJ540 

OAILONS/ MINUTE 

The  performance*  chart  shown  aboTe  typifies  the  wide*  ronge  of  performonce 
OToilable  through  the  selection  of  Eastern.  Midget  Pumps*  These  pumps  con  proride 
the  right  equipment  for  your  needs  where  small  size  and  light  weighU  combined 
with  high  performonce  and  economy  of  operation  are  factors.  They  moy  be 
equipped  with  the  easily  adjustable  stuffing  boxes  or  rotary  seals  and  will 
not  leak  at  several  times  the  moximum  working  pressures.  Weights  are  from 
2^4  to  100  lbs.,  capacity  from  Vi  t»  70  G.P.M.  and  pressures  range  up  to  250 
P.SJ.  Stcmdard  models  of  many  pumps  are  available  in  Monel  Metal.  Stainless 
SteeL  Hastelloy  "C".  Cast  Iron,  Bronze  and  other  metals  and  alloys.  Models 
ore  motor  driven,  including  Underwriters'  approved  ex¬ 
plosion-proof  motors,  air  dri^n  or  belt  driven.  Write  for 
NEW  CATALOG  describing  entire  line  of  pumps. 

EASTERN  ENGINEERING  CO. 

84  Fox  Street,  New  Haven  6,  Conn. 
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TEST  YOUR 
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MAGNETIC  CIRCUITS 

FOR 

i 

ELECTRIC  WIRES 
• 

CONDENSER  PdTES 

i 

SMILE  METAL  STAMPINGS 

The  only  portabl.  fluxmct.r  available  which 

in  accordance 

returns  rapidly  to  zero  when  a  single  button 
is  depressed.  Simple  and  fast  in  operation. 

with  Customer's  Prints 

Convenient  and  light  in  weight. 

• 

1 

Not  limited  to  a  single  type  of  measure¬ 
ment.  Has  universal  application  for  laboratory 

ACCURACY  •  PRECISION 

or  production.  Measures  strength  of  magnets 
and  electromagnets,  permeability  and  hys- 

REASONABLE  DIE  CHARGES 

• 

teresis  loops  for  iron  and  steel,  total  flux 
lines  in  circuit,  flux  lines  deveolped  in  air 
gap,  etc. 

Modern  Equipment  and  Factory 

Has  a  mechanical  clamp  to  protect  the 

No  Screw  Machine  Ports 

pivots  and  jewels  when  In  transit. 

• 

1 

Low  price  $T25  not  FOf  Cambridge,  Matt. 

PAnON-MicGUYER  COMPANY 

; 

RAWSON  ELECTRICAL 

17  VIRGINIA  AVENUE 

INSTRUMENT  COMPANY 

PROVIDENCE,  R.  1. 

111  Poftor  Stroot,  Cambridgo  42,  Moss. 

Raprataaiatlvt 
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SUPREME  INSTRUMENTS  CORPORATION 


wartime  work  on  the  Manhattan 
Project,  has  been  made  assistant  ra¬ 
dio  sales  manager  of  the  Graybar 
Electric  Co.,  New  York  City. 


Conforming  r 
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M.  B.  Lamont 


K.  G.  Morrison 


M.  B.  Lamont,  one  of  the  pioneers 
in  auto  radio  development,  became 
products  manager  for  Bendix  Radio 
Division  in  Baltimore,  in  charge  of 
electrical  detail  in  radio,  f-m,  and 
television. 

Will  Whitmore  of  Western  Electric 
Co.  is  a  member  of  the  electronics 
staff  of  Captain  C.  L.  Engleman, 
Electronics  Coordinating  Officer  of 
Joint  Army-Navy  Task  Force  One, 
and  will  participate  in  electronics  ac¬ 
tivities  in  connection  with  the  atomic 
bomb  tests. 

Henry  C.  Sheve  becomes  a  staff  en¬ 
gineer  for  Stromberg-Carlson  Co., 
Buffalo,  N.  Y.  At  the  time  of  his  re¬ 
lease  from  active  service  in  March, 
1946  he  was  assistant  director  of  the 
electronics  test  division  of  the  U.  S. 
Naval  Air  Test  Center  at  Patuxent 
River,  Maryland. 

L.  M.  Leeds  has  been  made  consult¬ 
ing  engineer  in  the  Transmitter  Di¬ 
vision  of  General  Electric  Co.  in 
Syracuse,  N.  Y.  In  1938  he  super¬ 
vised  development  of  the  first  G-E 
television  station,  W2XB,  in  the 
Helderberg  Mountains  outside  Sche¬ 
nectady. 

John  P.  Kearney  terminated  three 
years  of  cathode-ray  tube  design  for 
the  Electronics  Division  of  the  Bu¬ 
reau  of  Ships  to  become  assistant 
manager  of  the  Industrial  Products 
Division  of  the  Libbey  Glass  Co., 
Toledo,  Ohio,  where  he  will  special¬ 
ize  in  glassware  for  the  electronics 
field. 


NEW  fROBE  Stracmlincd 
Hand  Eitfing  Incorporating 
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^NSES:  FREQUENCY  RANGE 

DC  0-1,  2.5,  10,  50.  250.  500  Negligible  frequency  error  from 

AC  0-1.  2.5.  10.  50.  250  50  cycles  to  100  megecyclet. 

EXTENDEO  TO  SOOO  VOITS  IT  EXTERNAl  MULTiniERS 

INPUT  RESISTANCE: 

DC — 80  megohms  on  I  voH  renge:  40  megohms  oq  500  volt  renge 
AC— 40  ntegohms  on  I  voH  renge;  20  megohms  on  250  volt  renge 

INPUT  CAPACITY  OP  PROBE:  S  microniicro  fM-ads 


Walter  Albert  Rush,  Controller  of 
Radio  in  the  Department  of  Trans¬ 
port,  was  awarded  the  1946  Adminis¬ 
tration  medal  of  the  Professional 
Institute  of  the  Civil  Service  of 
Canada  for  his  wartime  work  in  or- 
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USE  COUPON  TO  ORDER! 


Paste  on  penny  posrcard.  MAIL  TOOATI 


ganizing  the  work  of  Canadian  scien¬ 
tists,  especially  in  the  field  of  radio, 
the  monitoring  of  enemy  messages, 
and  the  establishment  of  long-range 
high-frequency  radio  d-f  stations. 

Arthur  L.  Samuel  is  leaving  Bell 
Telephone  Laboratories  after  18 
years  of  vacuum  tube  research  and 
development  work  there  to  become  a 
member  of  the  electrical  engineering 
faculty  at  the  University  of  Illinois, 
where  he  will  direct  the  work  of 
graduate  students  in  research  and 
development  of  electron  tubes. 

Paul  Wittlig  has  been  named  man¬ 
ager  of  technical  operations  for  CBS 
television  station  WCBW.  He  has 
been  with  CBS  since  April  1934. 

Luis  de  Flores,  deputy  chief  of  the 
Office  of  Research  and  Inventions, 
and  H.  Struve  Hensel,  Assistant  Sec¬ 
retary  of  the  Navy,  headed  a  group 
of  experts  that  has  been  in  London 
coordinating  the  work  of  ORI  here 
with  research  and  development  activ¬ 
ities  now  being  carried  on  in  Eng¬ 
land. 


—  *inet  1922,  sup¬ 
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V_ 

At  RWT  we  continue  to  offer  the  larRest 
and  moat  complete  assortment  of  nationally 
known  radio  and  electronic  parts.  Each 
different  item  from  our  stock,  of  over 
10,000,  represents  the  finest  value  of  its 
particular  kind.  Our  Superspeed  Service 
ships  your  order  out  the  same  day  it  is 
received.  Our  Engineering  Service  assists 
you  with  your  special  equipment  require* 
ments.  This  means  comprehensive  service 
for  you.  Make  RWT  your  centralized  source 
for  all  radio  and  electronic  supplies.  . 


Would  you  like  to  control  indi¬ 
vidual  loud-speakers  without  upset¬ 
ting  the  multiple-speaker  network 
and  introducing  distortion?  If  so, 
this  Qorostat  Series  CIB  Attenuator 
is  the  happy  solution,  because  .  .  . 


R.  A.  Monfort,  formerly  with  NBC 
in  New  York,  has  been  appointed 
chief  engineer  for  the  Times-Mirror 
Co.  in  connection  with  color  televi¬ 
sion  and  f-m  activities  of  the  com¬ 
pany  on  Mt.  Disappointment  near 
Los  Angeles. 

L.  Grant  Hector,  who  was  director 
of  engineering  for  National  Union 
Radio  Corp.  before  taking  charge  of 
the  OSRD  group  responsible  for  de¬ 
veloping  the  subminiature  tubes 
used  in  proximity  fuzes,  has  been  ap¬ 
pointed  director  of  research  and  en¬ 
gineering  for  Sonotone  Corp.,  Elms- 
ford,  N.  Y. 
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topadoBC. 
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500  ohm  impadoncas. 

Dimansions :  *  .  ^ j  i 
Ona-hola  mounting. 


Amolber  RWT  mchitvement !  Use  thu  versa- 
tilt  transmitter  tube  as  a  modulator-oscillator- 
ampli^er!  Filament  voltage:  }  or  10  volts. 
Plate  voltage:  3,000  volts.  Plate  current:  900 
ma.  Plate  dissipation:  500  watts.  Limited  > 
quantity  only. 
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Laboratorias  &  Purchasing  Agents  if  Radio 
Dealers  &  Serviceman  'A'  Training  Schools 
tA  Amateur  Operators  and  Exparimantars. 
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Television  tne. 

New  York  13.  Boston  10.  Nowork  2. 


RVrr  Dept.  EC-B 

1 00  Avenue  of  the  Americas,  New  York  1 3. 

Enter  my  order  for . xmitter  tubefs). 

□  Check  enclosed.  □  M.O.  □  Send  C.O.D. 

□  Send  me  FREE  copy  of  your  latest  BAR* 
GAIN  GUIDE  CS7  and  place  my  name  on 
list  for  your  New  Super  Catalog. 

Name . . 

Address . . 


R.  B.  Albright 


L.  G.  Hoctor 


Robert  B.  Albright  now  heads  lab¬ 
oratory  operations  of  the  Bendix 
Radio  Division  of  Bendix  Aviation 
Corp.,  Baltimore,  and  will  concen¬ 
trate  on  the  electrical  design  of 
broadcast  radio  receivers. 
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NEW  BOOKS 


EISLER  EQUIPMENT* 

COMPLETE  AND  DIVERSIFIED  TOR  EVERY  PHASE 
OF  ELECTRONIC  MANUFACTURE! 

TRANSFORMER 


The  Development  of 
Mathematics 

By  E.  T.  Bell,  Professor  of  Afaf/ie- 
maticSf  California  Institute  of  Tech¬ 
nology.  McGraw-Hill  Book  Co.,  Inc., 
New  York,  1945,  second  edition,  637 
pages,  $5.00. 

This  critical  historical  summary  of 
mathematical  concepts  was  written 
to  tell  students  where  advanced 
mathematical  study  could  lead  them. 
It  also  surveys  the  field  in  broad 
sweeps  that  orient  one’s  mathemat¬ 
ical  thinking.  It  is  a  book  about  con¬ 
cepts,  not  techniques.  Although  sa¬ 
tirical  at  every  turn,  it  serves  admir- 
•  ably  to  place  mathematics  in  its 
relative  position  in  logical  and  social 
thinking,  as  well  as  to  orient  the 
divisions  of  mathematics  in  the  mind 
of  a  novice.  Mathematicians  will 
take  sides  with  and  against  Professor 
Bell’s  comments,  but  all  will  agree 
that  his  irony  is  well  written. — F.R. 


of  all  typos  —  furnace,  distribution,  power,  phase 
changing,  air,  oil,  induction,  water  cooled,  plate,  filament  and  auto-trans¬ 
formers.  Filter  chokes  and  inter-phase  reactors. 


Transformers  supplied  from  V4  to  300  KVA. 


EISLER  Compound 
Vacuum  Pump. 


*  EISLER  machines  are  in 
use  and  in  production 
by  99%  of  all  American 
radio  tube  and  incan¬ 
descent  lamp  manufac¬ 
turers  and  throughout 
the  world. 


EISLER  Spotwelders 
from  Vs  to  250  KVA. 


24  Heod  Radio  Tube 
Exhausting  Machine. 


- _CHAS.  EISLER— 

EISLER  ENGINEERING  CO 


The  Birth  and  Death 
of  the  Sun 

By  George  Gamow,  Professor  of  Phys¬ 
ics,  George  Washington  University. 
Penguin  Books,  Inc.,  New  York,  1945, 
219  pages,  $.25. 

A  PAPER-BACK  REPRINT  of  a  noufiction 
work  originally  published  in  1940, 
worthy  of  consideration  not  only 
because  of  its  excellent  technical 
chapters  on  atomic  theory,  radio¬ 
activity  and  transmutation  of  ele¬ 
ments,  but  also  because  it  lends 
promise  of  more  technical  books 
emerging  in  convenient  pocket-size, 
twenty-five  cent  editions.  The  pub¬ 
lishers  are  to  be  commended  particu¬ 
larly  for  the  excellent  rendition  of 
detail  in  the  24  halftone  illustrations 
of  electronic  and  astronomical  sub¬ 
jects. — J.  M. 


NEWARK  3,  NEW  JERSEY 


Specializing  in  the  production  of  highest 
quality  Alnico  Magnets  in  all  grades 
including  new  triple  strength  No.  5. 

Production  material  checked  to  assure 
highest  uniform  quality  of  product. 

Castings  made  to  customer's  special 
order  on  the  basis  of  sketches  or  blue 
prints  furnished. 

Information  and  suggestions  furnished 
on  request. 


Radio  Tube  Vade-Mecum 

By  P.  H.  Brans.  Published  by  Alge- 
meene  en  Technische  Boekhandel  (Gen¬ 
eral  Technical  Bookstore),  Prins  Leo- 
poldstr.  28,  Antwerpen  (Borgerhout), 
Belgium,  1945,  208  pages,  price  105 
Belgian  francs. 

Here  at  last  is  the  radio  tube  hand¬ 
book  radio  engineers  have  dreamed 
of,  covering  the  products  of  receiv¬ 
ing  tube  manufacturers  throughout 
the  world  (includlhg  Russian)  in 
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21-03  44th  AVE. 

LONG  ISLAND  CITY.  NCW  YORK 


seven  carefully  prepared  tables  and 
charts  and  with  prefatory  instruc¬ 
tions  in  four  languages — Dutch, 
French,  English,  and  German.  The 
first  and  main  table  occupies  107 
pages  and  gives  characteristics  of 
the  most  widely  used  tubes,  arranged 
alphabetically  and  numerically  much 
as  in  National  Union’s  little  pre-war 
tube  manuals,  with  code  references 
to  the  559  schematic  symbols  and 
base  connection  diagrams  in  Table  ] 
V.  The  data  includes  as  far  as  pos¬ 
sible  the  static  characteristics  and 
such  working  data  as  plate  load, 
coupling  resistance,  cathode  bias  re¬ 
sistance,  and  screen  grid  series  feed 
resistance.  Use  of  code  numbers  for 
the  various  technical  phrases  en¬ 
countered  in  tube  specifications  per¬ 
mits  crowding  a  wealth  of  useful 
data  into  Table  I. 

Table  II,  covering  about  40  pages, 
gives  similarly  the  characteristics  of 
tubes,  mostly  British,  that  are  less 
used  on  the  Continent,  with  the 
manufacturer’s  name  in  each  case. 
Table  III  lists  tubes  having  similar 
characteristics  to  those  in  Table  I 
but  omitted  therefrom  to  avoid  repe¬ 
tition  of  data  and  conserve  space. 
Points  of  difference  in  basing  or 
minor  characteristics  are  indicated. 
Table  IV  is  a  more  elaborate  and 
complete  world-wide  tube  inter¬ 
changeability  chart.  Russian  tubes 
are  listed  in  Table  VI,  arranged  like 
Tables  I  and  II.  Table  VII  ends  the 
book  with  designations  of  different 
military  services  for  identical  tubes. 

All  in  all,  this  is  a  valuable  and 
essential  reference  for  anyone  hav¬ 
ing  to  peruse  the  foreign  technical 
literature  on  electronic  subjects  or 
work  with  foreign  electronic  equip¬ 
ment. — J.M. 
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JONES  SHIELDED  TYPE 
PLUGS  and  SOCKETS 


Low  loss  Plugs  and 
Sockets  suitable  for 
high  frequency  cir¬ 
cuits.  Ideal  for  an¬ 
tenna  connections, 
photo-cell  work,  mi¬ 
crophone  connec¬ 
tions,  etc.  Supplied 
in  1  and  2  contact 
types.  The  single 
contact  type  can 
■  be  furnished  with 


High  Vacuum  Technique 

By  J.  Yarwood.  John  Wiley  iSk  Sons, 
Inc.,  New  York,  N.  Y.  Second  Edition 
Revised,  1945,  140  pages,  $2.75. 

A  COMPLETE  COVERAGE  is  made  of  the 
present-day  techniques  and  tools 
necessary  to  the  production  and 
maintenance  of  high  vacuum.  Writ¬ 
ten  in  a  style  which  is  easily  read 
and  understood,  this  book  treats  all 
the  usual  forms  of  mechanical  pumps, 
diffusion  pumps,  gages,  and  speed 
measuring  devices.  It  is  profusely 
illustrated  with  sketches  and  graphs 
and  in  addition  contains  over  fifty 
tables  of  information  pertinent  to 
the  subject  matter.  For  more  de- 


or  ferrule  for 
■■  cable  entrance. 

Knurled  nut  securely 
fastens  units  together. 
All  metal  ports  ore  of 
brass  suitably  plated  to  meet  Nary  specifi¬ 
cations.  No.  101  Series  Plugs  hoTe  ceramic 
insulation  and  Sockets  hare  XXX  Bokelite. 
For  complete  listfng  and  information  write 
todoy  for  your  copy  of  cotolog  No.  14. 


made  to  your  precise  engineer¬ 
ing  specifications  in  etched 
metals  and  finishes. 


ELECTRONICS 


PHOTO  ELECTRIC 


CELLS 


^  literottira, 

^  '  dvoiloola  6n  raqiiast^i 
l^sbows  mora  models  of 
pholocdU,  pins 
i^p  ^  c<^pp«r  oxide 
sideiiium  recHfIm 
"Th,  Bro^lly; 


The  shapes  of  Lux- 
tron  photocells  vary 
from  circles  to  squares, 
with  every  in-between 
shape  desired.  Their 
sizes  range  from  very 
small  to  the  largest 
required. 

In  addition  to  the  un¬ 
mounted  cells  shown 
here,  Bradley  also  of¬ 
fers  cells  in  a  variety 
of  standard  mountings, 
including  plug-in  and 
piguil  types. 

For  direct  conver¬ 
sion  of  light  into  elec¬ 
tric  energy,  specify 
Bradley’s  photocells. 
They  are  rugged, 
lightweight  and  true- 
to- rating. 


Unmounted  Cells 


BRADLEY 

LABORATORIES  INC. 


82  Meadow  St.  New  Haven  10,  Conn 


tailed  investigation,  many  references 
are  cited  and  a  very  complete  bibli-  j 
ography  is  provided.  Degassing  and 
gettering,  metal  film  evaporation, 
and  sputtering  methods  are  de¬ 
scribed.  Since  there  are  all  too  few 
works  in  this  field,  this  book  is  al¬ 
most  a  must  for  workers  in  high 
vacuum. — glenn  l.  mellen 
•  •  • 

Relay  Engineering 

By  Charles  A.  Packard,  Chief  Engi¬ 
neer,  Struthers-Dunn,  Inc.  Published 
by  Struthers-Dunn,  Inc.,  Philadelphia, 
Pa.,  640  pages,  $3.00. 

This  new  engineering  handbook 
gives  the  answers  to  thousands  of 
questions  on  selection  and  applica¬ 
tion  of  relays  and  timers  to  elec¬ 
tronic  and  electrical  equipment.  A 
section  on  servicing  and  inspection 
of  relays  gives  many  original  short¬ 
cuts,  along  with  practical  advice  on 
locating  and  mounting  of  relays  in 
industrial  installations,  maintenance 
and  test  procedures,  and  detailed 
trouble-shooting  instructions.  A  26- 
page  section  of  relay  definitions,  a 
bibliography  of  books  and  articles 
dealing  with  relays,  an  appendix  of 
relay  design  charts  and  tables,  and  a 
section  on  American  Standards  for 
Industrial  Control  Apparatus  add 
appreciably  to  the  reference  value 
of  this  handy  pocket-size,  limp- 
leatherette  volume. — J.  M. 

•  •  • 

The  Cavendish  Laboratory 

By  Alexander  Wood,  M.A.,  D.Sc.,  Fel¬ 
low  of  Emmanuel  College,  Cambridge. 
University  Press,  Cambridge,  England; 
The  Macmillan  Co.,  New  York,  1946, 
59  pages,  $1.00. 

This  little  volume  describes  how, 
under  Maxwell,  Rayleigh,  J.  J.  Thom¬ 
son,  Rutherford,  and  others,  the 
Cavendish  Laboratory  in  Cambridge, 
England  has  contributed  to  the 
world’s  fund  of  knowledge  in  the 
physcal  sciences.  The  importance  of 
pure  research  to  practical  engineer¬ 
ing  is  pointed  up  by  brief  descrip¬ 
tions  such  as  Rutherford’s  develop¬ 
ment  of  a  magnetic  detector  for  elec¬ 
tromagnetic  waves.  By  January 
1896,  he  had  successfully  detected 
waves  a  distance  of  over  half  a  mile 
and  forsaw  ship-to-shore  radio  com¬ 
munication.  That  he  finally  turned 
his  efforts  to  what  we  now  know  as 
nuclear  physics,  leaving  the  more 
practical  aspects  of  communication 
to  others,  has  in  no  whit  impover¬ 
ished  the  world  nor  the  honor  due 
Cavendish  Laboratory.— A,  A.  mck. 


KANTHAL 

RESISTANCE  WIRE 

is  manufactured  in  three 
grades,  KANTHAL  A-1,  A  and 
DS,  in  the  form  of  wire,  rib¬ 
bon,  and  strip.  KANTHAL  i& 
an  alloy  of  iron,  chromium, 
aluminum  and  cobalt,  selected 
and  controlled 
as  to  propor¬ 
tions  for  de¬ 
sired  variations 
in  electrical 
and  physical 
properties. 


KANTHAL 

RESISTANCE  WIRE 

Characterized  by  high  resistiv¬ 
ity  and  outstanding  resistance 
to  scaling  at  high  tempera¬ 
tures,  combined  with  sufficient 
ductility  for  cold-forming  op¬ 
erations  and  economy  of  appli¬ 
cation.  Maximum  continuous 
service  temperatures  2162°F, 
2372“F,  and 
2102  “F;  resis¬ 
tivity,  872,  837 
and  812 
ohms/C.  M.  F. 
at  68 ®F,  for 
KANTHAL  A- 
1,  A,  and  DS 
respectively. 

KANTHAL 

RESISTANCE  WIRE 

Much  less  susceptible  to  attack 
by  sulphur  fumes  and  com¬ 
pounds  than  the  nickel-base 
alloys;  KANTHAL  A,  under 
attack  by  sulphurous  acid, 
shows  an  in- 
crease  in 
weight  in 
grams  per  m^ 
per  hour  of  on¬ 
ly  6.8  grams  at 
2282“F. 


the  Kanihal  Handbook 

Comprisini;  11^  pai-rs  of  rnmpirir 
Kx'tiniral  rcferpDcr  matrriai  rovcrinir 
all  data  on  the  propprtira,  firldo  of 
application,  and  design  consideration 
of  the  Kanthal  al¬ 
loys,  will  be  sent 
upon  request  to 
1  engineers  writing 

\  oo  company  letter¬ 

heads. 
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fOP  THE  FIELD  OF  ELECTDONIGS 


Electron  Tube  Machinery 

•f  cvao  ty»«,  —  ttantfarU.  and  tpacial  dattfn 

Spacioliats  ia  Equipmaal  for  th*  monuiae* 
tur*  oi  Hodio  Tubas,  Cothods  Rot  Tubas, 
Fluarascaat  Lamps,  Inecradaseant  Lamps, 
Naon  Tubas,  Pboto  Calls,  X-ray  Tubas 
and  otbar  glass  or  alactronic  products,  on 
production  or  laboratory  basis. 


■mm 

encmEERinc  comppnv 


1 307-1 30f  Savaofb  St.,  North  largaB,  N.J. 


Strip  Insulated  Wires 

OUICKKR...NKTTKR 


AUTOMATIC  WIRI  STRIPPIR 
•  •  Spoads  Production 

Strips  insulation  from  all  typas  of 
wire  —  instantly,  aasily,  pairactly. 
Just  press  the  handias  and  tha  job 
is  dona.  Cuts  wira  too.  Strips  800 
to  1000  wires  par  hour.  Available 
for  all  size  solid  or  stranded  wires 
— No.  8  to  No.  30.  List  Price  $8  00 
Write  Oapt.  i  ft  full  farfhulart 


m 


FINE  RllBONS 
OF 

TUNGSTEN  and  MOLYBDENUM 

Quality  and  accurocy  in  our  fabrica¬ 
tion  of  Tungsten  &  Molybdenum  Rib¬ 
bons  haTs  choractarisad  our  sarrica 
to  tba  Electronic  industry. 


GENERAL  CEMENT  MFC.  CO.  ■  / 

Rockford,  Illinois,  U.S.A. 


H.  CROSS  Co. 

18  BssksissSt.NswYsrh7.N.V. 


We  manufacture  a  complete  line  of  equipment 

SPOT  WKUJERS,  electric  from  H  to  50  KVA  .o 

TRANSKOKMKRS.  .special  and  standard  types  "i? 

INt.’ANDESCKNT  LAMP  manufacturing  equipment  WELDERS 
KLUORKSt’ENT  TI.BE  MAKI.NO  EQUIPMENT  from  100  to 

ELECTRONIC  EQUIPMENT,  vacuum  pumps,  Mc.  400  Amps 
WET  OlaASS  SLICING  and  cutting  machinea  for  laboratory  um 
GENERAL  GIxASS  working  machinM  and  burners 
(XIIJ.EGE  GI.,ASS  working  units  for  students  and  laboratory 
EI8LER  ENOINEERING  CO. 

731  So.  13th  St.  (near  Avon  Ave.)  Nowark.  Nsw  Jorsoy 


CONPIRINCE.  TELEPHONE,  DICTATION 
Psrsiansnt  recorders  A  Instantanseui  play-baek 
machines  for  all  Indastrisi  parpesas.  Sstoty  Sim 
cost  Sc  per  hoar. 

MILES  REPRODUCER  CO..  INC. 

•12  I'way,  DaiH.  E.  New  Yarh,  3,  N.  Y. 


Your  Inquiries  to 
Advertisers  Will 
Have  Special  Value. . . 

— for  you — the  advertiser 
— and  the  publisher,  if  you 
mention  this  publication. 
.Advertisers  value  highly 
this  evidence  of  the  publi¬ 
cation  you  read.  Satisfied 
advertisers  enable  the  pub¬ 
lisher  to  secure  more  ad¬ 
vertisers  and  —  more  ad¬ 
vertisers  mean  more  infor¬ 
mation  on  more  products 
or  better  service  —  more 
value — to  YOU. 


MICROMETER 

FREQUENCY 

METER 


tor 

oheefclnt 
Tranimittsrt 
from  100  Ke  to  I7S  Me, 
wttSin  0.01  ear  eeni 


LAMPKIN  LABORATORIES 


QUICK  ACTION 
HETERODYNE  ELIMINATORS 

Automattc  and  manually  operated 
models.  Adaptor  units  fur  standard 
typ>e  receivers  and  complete  receiving 
systems  designed. 

Used  by  the  FCC  and  the  OSS  and 
other  communications  experts. 

j.  L  A.  McLaughlin 

Mira  Meats  Plaaa 

P.  O.  lOX  52T  LA  JOLLA.  CALIF. 


HOT  DAYS  FOR  P.  A.*8 

It'a  hel.  Sa  whatt  Slay  braasy 

by  tab  it  R  aeay;  aed  thgi  maaaa 
ladit  8sm  Radia  aapply  yew 
with  aasapamarntt  aad  aqnipmaat. 
“Sea  yew  dialributar**  alwaya 

maeaa  “Saa  Sea  Radia”. 


sun  RADIO  I 

&  ElECTSONICS  CO..  Inc.  J 

122  121  0u*‘<;  SI  *?!)«,  •  (  61-:  3,  ;  IBIO 


MORI  RF  RILOWATT  HOURS 
PER  DOLLAR  WITH 

F  &  O 

TRANSMITTING  TUBES 

lasslriaa  levttad — Let  sa  axpleln  baw 
Seringa  ere  effected  end  the  V  A  O 
greeter  guarsntae. 

FREEUND  t  OISCHNER  PRODUCTS  Inc. 

411  faresee  St.,  New  Orleoes  IS.  La. 
Raywseff  47S4 

High  Power  Tube  Speeialioft  Exciuiiveiy 
(5  KW  to  100  KW) 


;et  this 

^  CATALOG 
rhis  Old  Him 

otest  developments  in 
odio  and  electronic 
arts  and  devices,  new- 
St  ham  gear,  gadgets 
or  experimenters,  bar- 
lains  in  war  surplus 
lems. 

FREE 

TO  YOU 

AAail  the  coupon  be¬ 
low  ond  get  this 
new  catalog  FREE. 


BURSTEIN-APPLEBEE  CO.. 

1012  McGee,  Kansas  City  6,  Mo. 

Send  me  FREE  catalog  advertised  in 
Electronics. 


STATE  CONHCCTIOH  IM  INDUSTRY 


AOORESS- 


ELECTRONICS^M  fMf 
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New!  PRESSUREGRAPH 

LINEAR  PRESSURE  —  TIME  —  CURVE  INDICATOR 


Indicates  in  lin¬ 
ear  response, 
on  screen  oi 
cathode  ray  os¬ 
cillograph,  the 
pressure  -  time- 
curve  of  any  in¬ 
ternal  combus- 
tion  engine, 
pump,  airline,  or 
other  pressure 
system  where 
pressure  meas¬ 
urements  are  de¬ 
sired.  Covers  wide  range  oi  engine  speeds  and  pressures  up  to 
10,000  p.s.L  Screws  into  cylinder  and  can  be  calibrated  using 
static  pressures.  Vibrotion-prooi.  Accurate,  dependable  for  fre¬ 
quent  engine  tuning.  Simple  operation— only  one  control. 

Also  Pioneer  Manufaefurers  of 

THE  FAMOUS  BATTERY  ELIMINATORS 

A  complete  line — Models  for  use  anywhere  beyond  high  line  connections 
(operate  from  6  rolt  battery) — Others  for  operation  from  110  volt  AC.  Improve 
radio  reception.  Greatly  reduce  battery  drain. 

For  eomplefe  Information  write 

ELECTRO  PRODUCTS  LABORATORIES 

549  W.  Randolph  St.,  Chicago  6,  III.  Phone  STate  7444 


HIGH-FIDELITY 
HEADPHONES 
CAN  Bl  COMfORTABll 


The  revolutionary  new  Telex  "Mono¬ 
set"  is  designed  to  replace  old-style, 
over-the-hecid  phones  wherever  com¬ 
fortable  High  Fidelity  Hearing  is  de¬ 
sired. 

Worn  under  the  chin,  the  "Monoset" 
eliminates  head  fatigue  and  ear  press¬ 
ure.  Weighs  only  1.3  oz.  Rugged, 
Tenite  construction.  Fully  adjustable  to 
all  head  sizes.  Feather-light  plastic 
cord.  Replaceable  ear  tips. 


Frequency  response — 50  to  3,000 
c.p.s.  Maximum  sound  pressure  output 
— 300  to  400  dyns  per  sq.  cent. 
Available  in  three  impedances:  128, 
500  and  2,000  ohms. 


TELEX,  INC. 


For  particulars  write  to  Dept,  E 

ELECTRO-ACOUSTIC  DIVISION 
MINNEAPOLIS  1,  MINNESOTA 


Canadian  DIttrlbufors:  W.  J.  Addison  Indnstrles,  Ltd.,  Toronto 


Backtalk 

This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 

Germanium  Research 

Dear  Editor: 

In  my  talk  before  the  IRE  on  No¬ 
vember  13,  1945,  which  was  the  basis 
for  my  article,  "The  Germanium 
Crystal  Diode,”  published  in  Febru¬ 
ary,  1946,  Electronics,  I  was  aided 
in  part  by  investigations  made  by 
Purdue  appearing  in  a  number  of 
OSRD  reports,  as  well  as  by  consid¬ 
erable  investigation  in  this  field  by 
Sylvania  and  others.  In  my  talk,  I 
pointed  out  the  work  done  by  the 
Purdue  physics  group.  However,  I 
feel  that  I  did  not  elaborate  suffi¬ 
ciently  on  the  Purdue  work  in  the 
text  of  the  published  article,  merely 
mentioning  the  article  of  S.  Benzer, 
"The  High  Voltage  Germanium  Rec¬ 
tifier”  in  the  bibliography.  I  hope 
that  subsequent  publications  will 
give  full  credit  to  the  work  com¬ 
pleted  in  the  laboratories  at  Purdue. 

E.  C.  Cornelius 

North  Andover,  Mass. 

e  e  e 

Cathode  Follower  in  Vtvm 

Dear  Sir: 

I  HAVE  WITH  ME  at  the  moment  your 
July  1945  issue  of  Electronics,  and 
my  interest  in  vacuum-tube  volt¬ 
meters  has  prompted  me  to  write  to 
you.  I  refer  to  the  article  entitled 
"Improved  Vacuum-Tube  Voltme¬ 
ters”,  by  J.  T.  McCarthy. 

About  six  months  ago  I  con¬ 
structed  a  vtvm,  to  use  for  coil  Q 
measurements,  and  in  the  course  of 
my  experiments  I  covered  several  of 
the  points  raised  in  your  article.  To 
keep  the  input  capacitance  low  I  used 
a  954  biased  to  cutoff,  and  to  obviate 
any  arrangement  to  balance  residual 
plate  current  due  to  contact  poten¬ 
tial,  I  used  a  second  954,  in  a  bridge 
arrangement  similar  to  those  de¬ 
scribed  in  your  paper.  Although 
{Continued  on  page  300) 
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®  SEARCHLIGHT  SECTION 
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ARMY  &  NAVY 

SURPLUS  SPECIALS 

AT  LOWER  PRICES! 


TRANSFORMERS 
All  110V.  A.C./OO 
CyeU  C.E..W.E.Ete. 

Fil.  6.3v-5a.  C.T.  $1.00 
Fil.  l.2v-4.2a/2.lv-3.- 
65a/l.2v-4.2a  ..$2.3$ 
Fil.  7.5«-I.Sa  30KV  in. 

suiatlon  . $2.50 

Fil.  S.3v.5a.  c.t./6.3v.5a.c.t,  30KV  Insul . 3.75 

Fil.  $».ll5a  Kenyon .  8.95 

Pwr.  /  300v.ct.20ma./  5vA6v  Fil  eec .  1.25 

Pwr.  /  Two  tecondariee,  ea.  300v-ct  60  mills...  3.65 

Pwr.  / 150-0. 1 50/ *56  ma./two  6.3  tec .  1.25 

Pwr. '  330-0-330-85ma./6.3v.7.5a/5v-2a/ 

6.3«..3a.,  electroet,  shield,  case . 3.95 

Step.uo/stea.down.  6.3v  or  I2.6v/ll0v . 4.50 

Stea.up.26v/il0v  Kva-.0255  .  1-50 

Pwr.  Hi.V./3200v-l50ma/oil  .  9.95 

Pwr.  /750v-ll0ma/6.3v.5a/5v.3a .  5.95 

H. V.  Plate/2750v-750ma.  oil.  Navy  specs.  ...35.00 
AUDIO  TRANSFORMERS,  MODULATORS, 

ETC. 

Modulation  XFMR:  tyvical  for  2ll't  el. A.  50W 

$2.10 

Modulation  XFMR:  807  to  pr  807’t(|.3  pH.)..  2.65 

Modulation  XFMR:  811’t  to  813 . 5.00 

Driver  XFMR:  6v6  to  Pair  81  l*s .  3.00 

Chi.  Transf.  P.P.Mod.  A  Driver  6L6s-per  pr.. .  3.30 
Audio  XFMR:  inter*'aoe.  tingle  end.  2:4000:4000 

1.25 

Audio:  interstate,  tingle  end.  Z:560:II20 .  1.80 

Audio  input:  2:120:2350  ohms  50-4000  cycles..  3.20 

Audio  input:  2 :300:357.000  ohms .  2.15 

Audio  output:  2:5:1.  for  I2A6  to  line .  1.50 

Audio  output:  for  6SJ7  to  line .  2.10 

CONDENSERS 

.2SMfd  400  vdc.  can  Sprague . $  .20 

.2SMfd  600  vdc.  can  Solar . 30 

I. Mfd.  500  vdc.  (G.E.  pyranol) . 45 

.85  Mfd.  600  vdc.  can  Aerovox  55850 . 16 

.$..5  mfd  400  vde.  can . 30 

8.  Mfd  600  vdc  C-D.  Oil .  1.75 

15x15x15  mfd  450  vdc  Mallory . 85 

.05  mfd  1000  vdc  (G.E.  pyranol) . 35 

.25  mfd  1000  vdc  (G.E.  pyranol) . 40 

.4  mfd  1500  vdc  W.  E . 20 

.|..l  mfd  7000  vde  .  5.00 

.2$  mfd  20.000  vde  . 12.00 

2.  mfd  220  vac  (equiv.  to  600  vdc)  C-D . 75 

500  mfd  200  vdc  Mallory .  1.95 

SPECIALI  TRANSMITTltai  66MDilHER 

Cardwell  tc-300-us.  (300  mmfd  max,  42  mmfd 
min.  35  plates,  air  gap:  .2*  variable  air  conden¬ 
ser. 

Heavy  Duty,  List;  $40  Our  Price;  14.95 

RADAR  Componanfs — All  with  Tubas 
and  Parfaet 

RA-58-A  Power  Rectifier,  delivers  from  0  to  15,003 

volts  continuously  variable  at  35  Ma . $116.00 

8C-947-A  is  a  transmitter  designed  to  transmit 
short  pulses  of  UHF  oecillations  at  3000  met.  $86.00 
Receiver  indicator  BC-957-A  contains  the  complete 
radio  receiver,  a  vedio  amplifier,  an  oscilloscope. 

full  sweep  and  blanking  circuits . $155.00 

Boonton  BC-78-B  signal  generator;  i5-55me:  A 

190-230  mcs.  used,  each . $45.00 

5'  Oscilloscope.  SC  type  #BC-4t2.  Uses  either  a 
9BP4  or  a  5BPI;  2500  v  A  400  v  60c  power  sup¬ 
plies  6L6  H  A  V  amplifiers.  Part  of  the  SCR- 

268 .  $54.50 

Range  Unit  BC-94I-A  is  divided  into  an  electHcal 
section  containing  the  base  oscillator,  phase  shifters. 

filters,  and  amplifiers  . $97.00 

U.H.F.  Receiver  BC-4()6,  from  SCR-268  Radar. 
Frequency  range  from  201-210  mcs.  15  tube  super- 
het  circuit.  Power  supply  Included.  Operates  from 
Il5v/60c  outlet.  20  mcs.  I.F.  frequency  2mc  band 

width  each  . $29.95 

Rad -Receptor  Rectifier  power  supply,  outputs:  1.000 
volts  DC  ®  350  Ma.  12  V  DC  @  2.4  A;  12  V  60 
cps  #  14.2$  A;  Input  115  V  60  cps.  or  230  V  60 
CPS.  TUBES:  2-866A  and  I  tungar,  SCR  type 
4:RA.34-0  . $100.00 


-918-B 

Scans  and  records  hand  printed  and  upper  case 
6  point  typewritten  characters  on  paper  tape. 
Less  Amplifier  . $69.50 


F.  M.  SPECIAL 

85**  Semi -completed  receiver,  BC-603.  unit  made 
for  tanks,  less  variable  condenser  and  front  panel. 

Unit,  with  Instruction  book . $5.00 

U.  S.  Navy  Model  RAK-7  ahlphaard  raaeiver 
NEW— in  eases.  Made  by  R.C.A.  .15  ke  to  600 
ke..  6  bands  has  9  tubes.  Including  regulated  power 
supply,  operating  on  ll5v/60  cycles . $77.50 

TUBES 

304  TL,  perfect . $13.95 

5BPI.  sylvania  .  8.75 

5FP7 .  11.00 

5JPI  .  6.95 

gjpi  . 9.95 

723A/B  klystrons,  for  3cm .  10.00 

Klystron  Ampli.  3cm  with  2  tubes .  10.00 


SEND  FOR  FLYER 


All  merchandise  guaranteed.  Mail  orders  promptly 
filled.  All  prices  F.O.B.  New  York  City.  Send  Money 
Order  or  Check.  Shipping  charges  sent  C.O.D. 

COMMUNICATIONS 
EQUIPMENT  CO. 
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IMPORTANT! 
PHENOL  FIBRE  SHEET 

Offered  for  Immediate  Sale 


QUANTITY 

SIZE 

SPECIFICATION 

9,145 

lbs. 

A 

GLM  Spec.  GR.  L.  Comm. 

1,239 

lbs. 

A 

Grade  LE 

176 

lbs. 

A 

Form  S 

1,486 

lbs. 

A 

Grade  L 

244 

lbs. 

A 

GLM  S^.  Gr.  XXX 

Grade  C 

6,941 

lbs. 

A 

199 

lbs. 

A 

GLM  Spec.  G.R.L.  Comm 

164 

lbs. 

A 

Grade  L 

324 

lbs. 

A 

GLM  Spec.  Gr.  L. 

1,473 

lbs. 

A 

Grade  (5 

1,298H  lbs. 

y» 

Grade  C 

7.016 

lbs. 

A 

Grade  C 

215 

lbs. 

A 

Grade  C 

22,862H  lbs. 

V* 

Grade  C 

183 

Ids. 

K 

Grade  C 

5.622 

lbs. 

Va 

Form  S  Type  FBM 

15.730 

lbs. 

H 

Form  S  Type  FBE 

1.888 

lbs. 

Vt. 

X.S.  17P5  Type  FBM 

2,080 

lbs. 

K  x  38  X  38 

N.S.  17-P5 

150 

lbs. 

A  38  X  38 

NS  17- P-5  From  S  Ty  FBM 

257 

lbs. 

'A 

Grade  C 

109 

ft. 

'/»  I.D.  X  O.D. 

NS-17P5  Type  FBI 

13,484 

lbs. 

A 

Grade  C 

270 

lbs. 

}4  38  X  39 

Grade  C  GLM  Spec. 

1,168 

lbs. 

H  39  X  49 

Grade  C 

371 H  lbs. 

H  38  X  42 

GLM  Spec. 

186 

lbs. 

H  48  X  48 

NS  I7-P-5  Form  S  Ty  FBM 

2,706 

lbs. 

A 

Grade  C 

400 

lbs. 

A 

Grade  C 

185 

lbs. 

y% 

Grade  X.X 

179 

lbs. 

H 

Grade  C 

371 

lbs. 

H  39  X  39 

Grade  XX 

325 

lbs. 

A 

Form  S  Type  PBE 

4,886 

lbs. 

A 

Grade  C 

148 

lbs. 

r 

NS-171P15  Type  FBM 

1,178 

ft. 

1  X  065 

Plain  17P5  Type  FBE 

3,432 

lbs. 

1' 

Grade  C 

351 

lbs. 

r 

Grade  C 

116 

ft. 

1'  O.D.  X  A  I-D. 

NS-17P5  Type  PBG 

176 

lbs. 

IH 

Grade  C 

8,964 

lbs. 

m 

Grade  C 

184 

lbs. 

GLM  Spec.  Grade  C 

605 

lbs. 

17P5  Type  FBE  Form  S 

18,231 

lbs. 

Grade  C 

804 

lbs. 

\A 

GLM  Spec.  Grade  C 

344 

lbs. 

IH 

Grade  C  Struct  Ne  Na 

220 

lbs. 

iA 

17P5  Form  S  Type  FBE 

1,350 

ft. 

1  A  I  D.  X  lA  O.D. 
X  A  wall 

.\S-17P5  Type  FBG 

350 

lbs. 

m 

Form  S 

5.220 

lbs. 

Grade  XX 

390 

lbs. 

\A 

Grade  C 

255 

lbs. 

Ui 

Grade  C 

158 

lbs. 

2' 

GLM  Spec.  Grade  C 

820 

lbs. 

2' 

Grade  C 

212 

lbs. 

2’ 

Grade  C 

4.350 

lbs. 

2A 

Grade  C 

434 

lbs. 

3  A 

Form  3 

366 

lbs. 

Grade  C 

195 

lbs. 

5  A  K  38  X  38 

GLM  Spec.  Grade  \\ 

122 

lbs. 

A  X  39  ft  49 

GLM  Spec.  Grade  6 

*  ALSO  VARIOUS  SIZES  OF 

FIBRE  TUBING  AND  RODS 

★ 

(All  Materials  Subject  to  Prior  Sale) 


★ 
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ROTARY  SELECTOR  SWITCHES 

FOR  THE  CRITICAL  ENGINEER 


TYPE  XC — Single  or  multiple  decks.  Instru¬ 
ment  type.  Contact  Resistance  less  than  .001 
ohm.  Ideal  for  shunt  ammeter,  thermo 
couple  type  measuring  equipment  and 
Wheatstone  Bridges. 


SERIES  EE-14 — Single  or  multiple  decks.  One  to 
six.  14  circuits  each -deck.  Shorting  or  non¬ 
shorting  contacts.  Recommended  for  use  in 
quality  test  equipment  or  accurate  switching  of 
multi-circuits  with  low  contact  loss. 


SERIES  EE-20 — Similar  to  Series  EE-14  but  with 
20  circuits  each  deck.  Contacts  and  moving 
parts  heavy  coin  silver  plated  to  meet  200 
hour  salt  spray  test.  Low  leakage  laminated 
plastic  decks  selected  for  maximum  mechanical 
and  dielectric  strength. 


.1.  w  o'  '<■<»•  '”1^ 


,1'^ 
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STAMFORD  METAL  SPECIALTY  CO.,  427-29  W.  BROADWAY,  N.  Y.1 2 


r 


HaGRAW-HILL 


DIRECT  MAIL  LIST  SERVICE 


V. 


If  You  Are  Having  Difficulty 
Maintaining  Your  Mailing  lists... 

Probably  no  ethor  ergantzatlen  Is  at  wall  aquippad  at 
McGraw-Hill  to  selva  tha  compllcatad  problam  of  list 
maintananca  during  this  pariod  of  unparallalad  changa 
in  industrial  partennal. 

McGraw-Hill  Mailing  Lists  covar  most  major  indut- 
trias.  Thay  ara  compilad  from  aiclusiva  sourcat,  and 
ara  basad  on  hundreds  of  thousands  of  mail  qu^lon- 
nairas  and  tha  reports  of  a  nation-wide  field  staff.  All 
names  ara  guaranteed  accurate  within  2%. 

Whan  planning  your  direct  mail  advertising  and  talas 
promotion,  consider  this  unique  and  aoonomlcal  tarvica 
•n  relation  to  your  product.  Details  on  request. 

McGraw-Hill  Publishing  Co.,  Inc. 

DIRECT  MAIL  DIVISION 

J^D^^Wqst^^nd^frq^  New  York,  H,  New  Yorfc  ^ 


high-transconductance  tubes  such 
as  the  6AC7  and  6AG7  were  unob¬ 
tainable,  I  did  try  amplifiers  using 
the  cathode-coupled  arrangement, 
but  had  a  good  deal  of  difficulty  in 
keeping  the  whole  thing  stable.  I 
finsdly  finished  up  by  using  a  0-100 
/Aa  meter  without  any  amplifier  after 
the  954  as  this  gave  me  the  required 
sensitivity. 

Most  of  us  who  have  been  in  the 
armed  forces  and  engaged  on  radio 
work,  appear  highly  enthusiastic 
about  the  advantages  of  cathode  fol¬ 
lowers  and  grounded-grid  triodes. 
However,  in  the  matter  of  the  ampli¬ 
fier,  I  had  assumed  (apparently 
wrongly)  that  the  best  plan  would  be 
to  operate  two  balanced  tubes  in 
Class  A  for  the  sake  of  linearity. 
However,  after  studying  your  article 
it  is  apparent  that  in  the  case  of  Fig. 
2  anyway  the  algebraic  sum  of  the 
two  bias  voltages  will  result  in  the 
6AG7  grids  operating  in  the  region 
of  positive  potential.  I  have  no 
curves  for  the  6AG7,  but  if  they  are 
running  with  positive  grid  potential, 
I  would  like  to  see  some  more  in¬ 
formation  on  the  subject.  More 
information  is  needed  on  this  point, 
particularly  with  regard  to  stability 
over  long  periods  of  time. 

I  had  difficulty  in  securing  ade¬ 
quate  stability  with  amplifiers  after 
the  954  tube  but  the  6AC5  tube  may 
have  some  possibilities  in  this  ar¬ 
rangement.  Although  its  transcon¬ 
ductance  is  not  unusually  high,  it 
does  normally  operate  with  a  positive 
grid  potential,  which  would  be  very 
handy  with  the  cathode  coupled  cir¬ 
cuit. 

E.  B,  Menzies 

Auckland,  Netr  Zealand 

•  •  • 

Phantastron 

Editor: 

I  REGRET  THAT  an  error  has  been 
made  in  the  article  which  we  wrote 
on  H2X  radar  (Electronics,  May 
1946).  The  error  appears  in  the 
spelling  of  “phantastron”  which  was 
spelled  as  “phanastron”  in  the  manu¬ 
script  that  we  submitted. 

I  don’t  know  how  it  got  by  the 
four  or  five  people  at  Radiation 
Laboratory  that  read  the  manu¬ 
script,  and  I  hope  that  you  have  not 
been  deluged  with  a  flood  of  letters 
pointing  out  the  mistake. 

A.  D.  Goia 

Cole,  Holdam  and  McGrath 

Boat  on,  Mm»$. 
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Electric  Field:  Relocation  and  re¬ 
designing  of  the  anode  and  grid 
shields  reduced  the  high  concentra¬ 
tion  of  the  electric  field  in  the  glass 
envelope.  Glass  heating  and  resul¬ 
tant  punctures  were  traced  to  this 
concentration  in  the  out-moded 
design. 


(Conclusion:  The  redesigning  has 
resulted  in  an  impressive  increase 
in  mechanical  strength  and  im¬ 
provement  in  high  frequency  opera¬ 
tion  at  peak  voltage  levels. 


WRITE  FOR  technical  rating 
and  data  sheets. 


Distortion:  Equal  forces  were  ap¬ 
plied  to  the  old  and  new  structures 
(Fig.  1).  The  old  structure  was 
heavily  distorted ;  the  new  structure 
show’ed  no  change.  Force  on  the 
new  structure  was  increased  in  the 
endeavor  to  distort  it,  but  the  glass 
dish  invariably  failed  first  (Fig.  2). 


Thermal  Fatigue:  At  the  end  of 
200  cycles  no  apparent  fatigue  fail¬ 


ure  was  discernible,  thus  assuring 
freedom  from  grid-filament  shorts 
caused  by  stresses  on  the  terminals. 


Copper  Seals:  Copper  seals  were 
chosen  for  this  tube  because  the 
pure  metal  is  non-magnetic,  has 
very  low  rf  resistance  and  high 
conductivity.  The  seals  were  not 
heated  by  rf  during  operation.  Ter¬ 
minals  ran  much  cooler. 


ne¥  one  piece 

TERMINAL 


AMPEREX 

ELECTRONIC 

CORPORATION 


VTAL 


DEVELOPMENTS 


NEW 
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A 


1  -  MECHANICAL  STRENGTH 

2  -  HIGH  FREQUENCY  OPERATION  AT  PEAK  VOLTAGE  LEVELS 


REPORT.... 


Summary  of  Developments 

Both  filament  and  grid  structures 
are  mounted  from  one  piece,  oxygen 
free,  high  conductivity  copper  sup¬ 
ports  (A)  making  possible  the  use 
of  heavy  shoulder  sections  (B).  The 
older,  outmoded  structure  necessi¬ 
tated  both  the  internal  brazing  of 
thimble  and  the  external  brazing  of 
a  small  reinforcing  disk.  Complete 
elimination  of  the  brazing  proce¬ 
dure  eliminates  not  only  a  weaker 
mechanical  area  but  also  its  detri¬ 
mental  effects  on  the  copper  and  the 
glass  seal.  A  strong  conical  form 
(C)  replaces  the  less  desirable  cyl¬ 
indrical  form  at  the  seals  (D).  The 
anode  and  grid  shields  (E)  have 
been  relocated  and  redesigned. 


Fig.  1 — Equal  forces  were  applied  to  one  of  the 
non-offset  grid  prongs  in  the  old  structure  (left) 
and  the  neiv  structure  (right).  The  old  structure 
was  heavily  distorted  as  shown  while  the  new 
structure  was  unaffected. 


Fig.  2 — As  force 
ivas  increased  in 
endeavor  to  cause 
distoi'tion  of  new 
conical  thimble, 
the  gla.ss  dish  al- 
tvays  failed  first 
as  shown  above. 
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The  UTC  Varitran  is  a  simple  autotransformer  whose  turns  are  arranged  on  one  layer  with  the  insulation  removed  so  that  every  exposed  turn 
may  be  used  as  a  tap  of  the  winding.  A  special  non-fusing  contoct,  having  resistance  to  minimize  criculating  currents,  is  mechanically  arranged 
so  that  it  can  be  moved  to  any  position  on  the  winding,  permitting  the  exact  voltage  desired  to  be  obtained. 

STANDARD  VARITRANS 


Standard  Varitrans  are 

designed  for  115  or  230  volt  service. 

The  respective  output 

voltages  are  0-130 

and  0-260  volts. 

Type 

Input  Voltage 

Output  Voltage 

Watts 

MaximsNn  Amps. 

Pigtfre 

Net  Price 

V-O 

115  volts 

0-130 

230 

2 

A 

$10.10 

V-O-B 

330  volts 

0-260 

230 

1 

A 

12.45 

V-1 

1 1 5  volts 

0-130 

570 

5 

B 

14.25 

V-l-M 

1 15  volts 

0-130 

570 

5 

C 

23.80 

V.2 

115  volts 

0-130 

570 

5 

A 

11.90 

v.a-B 

230  volts 

0-260 

570 

2.5 

A 

14.85 

V-3 

115  volts 

0-130 

850 

7.5 

A 

17.85 

V-3^ 

330  volts 

0-260 

850 

3.75 

A 

23.80 

V-4 

115  volts 

0-130 

1,250 

11 

A 

26.15 

V..44i 

230  volts 

0-260 

1,250 

5.5 

A 

33.30 

UNIViRI 

lAL  VARIT 

RANf 

Universal  Voritrans  hov*  two  110  volt  Primory  windings  (110  or  220V  connoction)  and  a  28 
volt  voriablo  socondary  winding.  This  winding  can  b#  usod  as  a  0>28  volt  low  voltog*  sourco. 
It  can  also  bo  usod  in  autotransformor  connoction  with  tho  primarios  to  offoct  ...  115  in/87 
to  143  out,  220  in/192  to  248  out,  220  in/82  to  138  out,  1'15  in/202  to  258  out. 


Max.  Amps. 
Output 

1.5 

3.5 
6 

II 


Approx. 

Dimonsions 

4y,x6y,x2y, 

4y,x6y,x3 

4y,x6y,x4 

5x7x5 


Approx. 
Weight,  Lbs. 

5 

7 

10 

15 


Not  Price 
$  8.30 
9.S0 
11.90 
19j00 


PRICES  ARE  SUIIECT  TO  CHANGE 
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